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American Iron and Steel Institute 
PREFACE 
The 1996 edition of the Cold-Formed Steel Design Manual consists of eight Parts. It contains the 
1996 edition of the Specification for the Design 0/ Cold-Formed Steel Structural Members itself as well 
as supplemental information to the Specification. Each part in the Design Manual should be used in con-
junction with the other parts, where appropriate. 
Part I, Dimensions and Properties contains (a) information regarding the availability and properties 
of steels referenced in the Specification, (b) tables of section properties and (c) Formulas and examples of 
calculations of section properties. 
Part II, Beam Design contains (a) tables and charts to aid in beam design, and (b) beam design ex-
ample problems. ' 
Part II/, Column Design contains (a) tables to aid in column design, and (b) column design example 
problems. 
Part IV, Connections contains (a) tables to aid in connection design, and (b) connection example 
problems. 
Part Vis the 1996 edition of the AISI Specification/or the Design o/Cold-Formed Steel Structural 
Members. 
Part VI provides a commentary on the 1996 edition of the AlSISpecificationfor the Design of Cold-
Formed Steel Structural Members. 
Part VI/, Supplementary Information contains (a) design procedures of specification nature which 
are not included in the Specification itself, either because they are infrequently used or are regarded as too 
complex for routine design, and (b) other information intended to assist users of cold-formed steel. 
Part VII/, Test Procedures contains (a) test methods for cold-formed steel, (b) a bibliography of 
other pertinent test methods, and (c) an example problem. 
AlSI acknowledges the technical information provided by the Steel Deck Institute in the Steel Deck 
section of Part I, and the exemplary efforts of Richard C. Kaehler in developing the Design Manual. 
American Iron and Steel Institute 
June 1997 
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PART I - DIMENSIONS AND PROPERTIES 
SECTION 1 - STEELS - AVAILABILITY AND PROPERTIES 
1.1 Introduction To Table Of Referenced Steels 
The table of referenced steels is provided as a guide for material selection, and 
summarizes the scope of the corresponding ASTM Standards, identifies product classifi-
cations and lists important material properties. 
Referenced Steels 
There are 14 referenced ASTM Standards for steels that are accepted for use with 
the AISI Specification/or the Design o/Cold-Formed Steel Structural Members. Use 
of these referenced steels is encouraged; however, other steels may also be used in 
cold-formed steel structures provided they satisfy the Specification provisions. 
Product Classifications 
Of the referenced steels, 6 are for plate and bar, 4 are for sheet and strip, 3 are for 
sheet and 1 is for tubing products. 
ASTM classifies hot-rolled steel products as being either sheet, strip, plate or bar, 
based on size, as follows: 
Product Classification - Hot-Rolled Steel 
Thickness, t 
Width, w in. 
1-3 
in. 0.2300 ~ t 0.2031 ~ t ~ 0.2299 0.1800 ~ t ~ 0.2030 0.0470 ~ t ~ 0.1799 
w ~ 3-112 bar 
3-112<w~6 bar 
6<w~8 bar 
8 < w ~ 12 plate (1) 
12<w ~48 plate (2) 
48<w plate (3) 
(1) Strip, only when ordered in coils. 
(2) Sheet, only when ordered in coils. 
(3) Sheet, only when ordered in coils. 
Maximum width 74 inches. 
bar strip strip 
bar strip strip 
strip strip strip 
strip strip strip 
sheet sheet sheet 
plate (3) plate (3) sheet 
ASTM Classifies cold-rolled carbon and high-strength low-alloy (HSLA) sheet 
steel products, including hot-dip coated, based on size, as follows: 
Product Classification - Cold-Rolled Sheet Steel 
Thickness, t 
Width, w in. 
m. Carbon Steel HSLA steel 
2SwS 12 0.014 S t S 0.082 0.019 S t S 0.082 
12<w 0.0l4St O.020St 
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Structural Properties 
The structural properties significant to cold-formed steel structures are listed in 
the table of referenced steels, and include yield point, tensile strength, elongation in 2 
inches and the ratio of tensile strength to yield point. Total elongation in 2 inches is a 
measure of ductility, the ability of a steel to undergo sizable plastic or permanent 
strains before fracturing. The ratio of tensile strength to yield point is an indication of 
the ability of the material to redistribute stress. 
1.2 Summary Of Scope And Principle Tensile Properties, 
ASTM Specifications For Referenced Steels 
ASTM 
Designation Fy Fu 
ksi ksi 
SCOPE (After ASTM) PRODUcr GRADE (min) (minimax) 
A361 A36M-94 
This specification covers carbon steel Plates 
- 36 58/80 
shapes. plates and bars of structural quality and 
for use in riveted. bolted. or welded Bars 
construction of bridges and buildings. and 
for general structural purposes.· 
Supplemental requirements are pro-
vided where improved notch toughness is 
imponant. These shall apply only when 
specified by the purchaser in the order. 
When the steel is to be welded. it is pre-
supposed that a welding procedure suitable 
for the grade of steel and intended use or 
service will be utilized. 
A242 A242M-93a 
This specification covers high-strength Plates 
- 50 70 low-alloy structural steel shapes. plates and 
and bars for welded. riveted. or bolted Bars 
construction intended primarily for use as t ~ 3/4 in. 
structural members where savings in 
weight or added durability are imponant. 
The atmospheric corrosion resistance of 
the steel in most environments is substan-
tially better than that of carbon steels with 
or without copper addition. This specifica-
tion is limited to material up to 4 in. [100 
mm]. inclusive. in thickness. 
When the steel is to be welded. it is pre-
supposed that a welding procedure suitable 
for the grade of steel and intended use or 
service will be utilized. 
A283/A283M 93a 
This specification covers four grades of Plate A 24 45/60 
carbon steel plates of structural quality for B 27 50/65 general applications. C 30 55/75 When the steel is to be welded. it is pre- D 33 60/80 
supposed that a welding procedure suitable 
for the grade of steel and intended use or 
service will be utilized. 
Percent 
elongation 
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ASTM Percent 
Designation Fy Fu elongation 
ksi ksi in 2 inches Fu I Fy 
SCOPE (After ASTM) PRODUCT GRADE (min) (minimax) (min) (min) 
A500-93 
This specification covers cold-formed Round A 33 45 25 1.36 
welded and seamless carbon steel round, Tubing B 42 58 23 1.38 
square, rectangular, or special shape struc- C 46 62 21 1.35 
tural tubing for welded, riveted, or bolted D 36 58 23 1.61 
construction of bridges and buildings, and 
for general structural purposes. Shaped A 39 45 25 1.15 
This tubing is produced in both welded Tubing B 46 58 23 1.26 
and seamless sizes with a maximum pe- e 50 62 21 1.24 
riphery of 64 in. (1626 mm) and a maxi- D 36 58 23 1.61 
mum wall of 0.625 in. (15.88 mm). Grade 
D requires heat treatments. 
Note: Products manufactured to this speci-
fication may not be suitable for those ap-
plications such as dynamically loaded ele-
ments in welded structures, etc., where 
low-temperature notch-toughness proper-
ties may be important. 
A5291 A529M-94 
This specification covers carbon-manga- Plates 42 42 60/85 22 1.43 
nese steel-shapes, plates and bars of struc- and 
tural quality for use in riveted, bolted, or Bars 
welded construction of buildings and for 
general structural purposes. Material un- 50 50 70/100 21 1.40 
der this specification is available in two 
grades: Grade 42 for plates and bars to 112 
in. [12.5 mm] thickness and Grade 50 for 
plates and bars to I in. [25 mm] thickness. 
When the steel is to be welded, it is pre-
supposed that a welding procedure suitable 
for the grade of steel and intended use or 
service will be utilized. 
A5701 A570M-95 
This specification covers hot-rolled car- Sheet 30 30 49 21 1.63 
bon steel sheet and strip of structural quali- and 33 33 52 18 1.58 
ty in cut lengths or coils. This material is Strip 36 36 53 17 1.47 
intended for structural purposes where me- 40 40 55 15 1.38 
chanical test values are required, and is 45 45 60 13 1.33 
available in a maximum thickness of 0.229 50 50 65 II 1.30 
in. (6.0 mm) except as limited by Specifica-
tion A568, A568M, A749, or A749M. 
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ASTM Percent 
Designation Fy Fu elongation 
ksi ksi in 2 inches Fu I Fy 
SCOPE (After ASTM) PRODUCT GRADE (min) (minimax) (min) (min) 
A5721 A572M-94c 
This specification covers four grades of Plates 42 42 60 24 1.43 
high-strength low-alloy structural steel and 
shapes, plates, sheet piling, and bars. Bars 50 50 65 21 l.30 
Grades 42 [290] and 50 [345] are intended 
for riveted, bolted, or welded construction 60 60 75 18 1.25 
of bridges, buildings, and other structures. 
Grades 60 [415] and 65 [450] are intended 65 65 80 17 1.23 
for riveted or bolted construction of bridges 
or for riveted, bolted, or welded construc-
tion in other applications. 
For welded bridge construction notch 
toughness is an important requirement. For 
this or other applications where notched-
toughness requirements are indicated, they 
shall be negotiated between the purchaser 
and the producer. 
The use of columbium, vanadium, and 
nitrogen, or combinations thereof, within 
the limitations noted in Section 5, shall be 
at the option of the producer unless other-
wise specified. Where designation of one 
of these elements or combinations of ele-
ments is desired, reference is made to Sup-
plementary Requirement S90 in which 
these elements and their common com-
binations are listed as to type. When such 
a designation is desired, both the grade and 
type must be specified. 
When the steel is to be welded, it is pre-
supposed that a welding procedure suitable 
for the grade of steel and intended use or 
service will be utilized. 
A5881 A588M 94 
This specification covers high-strength Plates 
- 50 70 21 1.40 low-alloy structural steel shapes, plates and 
and bars for welded, ri veted, or bolted Bars 
construction but intended primarily for use t S; 4 in. 
in welded bridges and buildings where sav-
ings in weight or added durability are im-
portant. The atmospheric corrosion resis-
tance of this steel in most environments is 
substantially better than that of carbon 
structural steels with or without copper 
addition. When properly exposed to the at-
mosphere this steel can be used bare (un-
painted) for many applications. This speci-
fication is limited to material up to 8 in. 
[200 mm] inclusive in thickness. 
When the steel is to be welded, it is pre-
supposed that a welding procedure suitable 
for the grade of steel and intended use or 
service will be utilized. 
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ASTM Percent 
Designation Fy Fu elongation 
ksi ksi in 2 inches Ful Fy 
SCOPE (After ASTM) PRODUCT GRADE (min) (minimax) (min) (min) 
A606-9 1 a 
This specification covers high-strength, Sheet Hot Rolled 50 70 22 1.40 
low-alloy, hot-and-cold rolled sheet and and -As Rolled 
strip in cut lengths or coils, intended for use Strip Cut Lengths 
in structural and miscellaneous purposes, 
where savings in weight or added durabili- Hot Rolled 45 65 22 1.44 
ty are important. These steels have en- -As Rolled 
hanced atmospheric corrosion resistance Coils 
and are supplied in two types: Type 2 con-
tains 0.20 minimum copper based on cast Hot Rolled 45 65 22 1.44 
or heat analysis (0.18 minimum Cu for -Annealed 
product check). Type 4 provides a level of or 
corrosion resistance substantially better Normalized 
than that of carbon steels with or without 
copper addition. When properly exposed Cold Rolled 45 65 22 1.44 
to the atmosphere, this steel can be used 
bare (unpainted) for many applications. 
A607-92a Class 1 
This specification covers high-strength, Sheet 45 45 60 Hot-Rolled 23 1.33 
low-alloy columbium, or vanadium hot- and Cold-Rolled 22 
rolled sheet and strip, or cold-rolled sheet, Strip 50 50 65 Hot-Rolled 20 1.30 
or combinations thereof, in either cut Cold-Rolled 20 
lengths or coils, intended for applications 55 55 70 Hot-Rolled 18 1.27 
where greater strength and savings in Cold-Rolled 18 
weight are important. The material is avail- 60 60 75 Hot-Rolled 16 1.25 
able as two classes. They are similar in Cold-Rolled 16 
strength level except that Class 2 offers im- 65 65 80 Hot-Rolled 14 1.23 
proved weldability and more formability Cold-Rolled 15 
than Class 1. Atmospheric corrosion resis- 70 70 85 Hot-Rolled 12 1.21 
tance of these steels is equivalent to plain Cold-Rolled 14 
carbon steels. With copper specified, the Class 2 
atmospheric corrosion resistance is twice 45 45 55 Hot-Rolled 23 1.22 
that of plain carbon steel. Class ] material Cold-Rolled 22 
was previously A607 without a class desig- 50 50 60 Hot-Rolled 20 1.20 
nation. Cold-Rolled 20 
55 55 65 Hot-Rolled 18 1.18 
Cold-Rolled 18 
60 60 70 Hot-Rolled 16 1.17 
Cold-Rolled 16 
65 65 75 Hot-Rolled 14 1.15 
Cold-Rolled 15 
70 70 80 Hot-Rolled 12 1.14 
Cold-Rolled 14 
A611-94 
This specification covers cold-rolled car- Sheet A 25 42 26 1.68 
bon steel sheet, in cut lengths or coils. It in- B 30 45 24 1.50 
cludes five strength levels designated as C, Types 33 48 22 1.45 
Grade A with yield point 25 ksi (170 MPa) I and 2 
minimum: Grade B with 30 ksi (205 MPa) D, Types 40 52 20 1.30 
minimum; Grade C types 1 and 2 with 33 1 and 2 
ksi (230 MPa) minimum: Grade D types 1 
and 2 with 40 ksi (275 MPa) minimum: and 
Grade E with 80 ksi (550 MPa) minimum. 
Grades A, B, C and D have moderate duc-
tility whereas Grade E is a full-hard prod-
uct with no specified minimum elongation. 
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ASTM 
Designation 
SCOPE (After ASTM) PRODUCT 
A6531 A653M-95 
This specification covers steel sheet, zinc Sheet 
coated (galvanized) or zinc-iron alloy 
coated (galvannealed) by the hot dip pro-
cess in coils and cut lengths. Included are 
several grades based on yield strength in 
both structural quality (SQ) and high-
strength low-alloy (HSLA). HSLA sheets 
are available as Type I or Type II. HSLA 
Type I is intended for applications where 
improved formability is required compared 
to SQ. HSLA Type II is intended for ap-
plications where improved formability is 
required compared to HSLA Type I. Prod-
ucts furnished under A6531 A653M must 
conform to the latest revision of 
A9241A924M except as otherwise indi-
cated in the specification. 
A715-92a 
This specification covers high-strength 
low-alloy, hot-rolled steel sheet and strip 
and cold-rolled sheet having improved 
formability when compared with steels 
covered by Specifications A606 and A607. 
The product is furnished as either cut 
lengths or coils and is available in four 
strength levels, Grades 50, 60, 70, and 80 
(corresponding to minimum yield point), 
and in eight types (according to chemical 
composition). Not all grades are available 
in all types. The steel is killed, made to a 
fine grain practice. and includes microal-
loying elements such as columbium, tita-
nium, vanadium, zirconium, etc. The prod-
uct is intended for structural and miscella-
neous applications where higher strength, 
savings in weight. improved formability, 
and weldability are important. 
A792JA792M 95 
This specification covers aluminum-zinc 
alloy-coated steel sheet in coils and cut 
lengths coated by the hot-dip process. The 
alUminum-zinc alloy composition by 
weight is nOminally 55% aluminum, 1.6% 
silicon, and the balance zinc. The product 
is intended for applications requiring cor-
rosion resistance or heat resistance or both. 
AJuminum-zinc alIoy-coated sheet is 
available as Commercial Quality, Lock-
Forming Quality, and Structural (Physical) 
Quality. The available grades of Structural 
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1.3 Material Thickness 
Historically, sheet and strip steels have been ordered from the steel producer using 
one of the following systems to specify thickness: 
Minimum Thickness: When ordered to a minimum thickness, all thickness 
tolerances are over (+) and nothing under (-). Steel is generally ordered to a 
minimum thickness when the design is based on minimum strength require-
ments that depend on having a guaranteed minimum thickness for the sheet 
product. 
Nominal Thickness: When ordered to a nominal thickness, thickness toler-
ances are equally divided between over (+) and under (-). Steel is generally 
ordered to a nominal thickness when the equipment to be used to process the 
material is designed for a certain thickness. 
Gauge (Gage) Thickness: Gauge thickness is an obsolete method of specify-
ing sheet and strip steel thickness. Gauge numbers are only a very rough 
approximation of steel thickness and should not be used to order, design or 
specify any sheet or strip steel product. 
Hot-dip coated sheet products are typically specified by total product thickness, 
including the coating. The relevant ASTM specifications for the various coated sheet 
products include values for the thickness of the coating itself. 
Design Thickness 
The steel thickness used in design should be the thickness of the uncoated base 
steel sheet or strip. Coatings such as paint or zinc add little or no structural strength 
and should not be included in the design thickness. 
Delivered Minimum Thickness 
Since there are tolerances in either of the two acceptable methods of ordering sheet 
and strip steel thickness, it would be unreasonable to expect the delivered minimum 
thickness of a cold-formed steel product to exactly match the design thickness. Speci-
fication provisions cover minor negative thickness tolerances. Thus, 95 percent of the 
design thickness has been set as the minimum delivered thickness of a cold-formed 
steel product. 
If the delivered minimum thickness is less than 95 percent of the design thickness, 
an analysis should be performed to determine if the delivered product is adequate to 
meet its intended purpose. Generally, thickness measurements may be made any-
where across the width of the sheet, but not closer to the edges than the minimum dis-
tances specified in the relevant ASTM specifications. Thickness at bends, such as cor-
ners, may be less than 95 percent of design thickness, due to cold-forming effects, and 
still be acceptable. 
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SECTION 2 - REPRESENTATIVE COLD FORMED SECTIONS 
2.1 Representative Versus Actual Sections 
The cross-sections defined in Tables 1-1 to 1-7 are intended to be representative of 
some of the sections in use by or available from manufacturers and fabricators. The spe-
cific sections listed in these tables are not necessarily stock sections. They are included 
primarily as a guide in the design of cold-formed steel structural merrlbers. Although 
these sections are useful for preliminary design, designers should consult the literature of 
cold-formed product providers for actual section property information when specifying 
cold-formed products. 
The naming convention used for the representative sections was developed only to 
simplify the charts, tables and example problems throughout the Manual. The section 
names are formed by concatonating the following information: 
1. Depth in inches 
2. Section Profile (C = C-Section, Z = Z-Section, L = Equal Leg Angle, H = Hat Section) 
3. Code for Stiffened or Un stiffened Flanges (S = Stiffened, U = Un stiffened) 
4. Flange Width in inches 
5. x 
6. Thickness in thousandths of an inch 
For example, a section with the designation 9CS3x075 is a C-Section with stiff-
ened lips, with a depth of 9 inches, a flange width of 3 inches and a thickness of 0.075 
inches. Other details, such as bend radii and lip lengths are found in Tables 1-1 through 
1-7. 
This naming convention is not an industry standard. Individual manufacturers and 
industry groups have adopted their own systems, and these systems should be used when 








Notes On Tables 
As a general rule, tabulated section properties are shown to three or four signifi-
cant figures, while dimensions are given to three decimal places. However, in 
some cases space limitations made it impractical to adhere strictly to this guide-
li~e. 
The weight of these sections is calculated based on steel as weighing 40.8 pounds 
per square foot per inch thickness. 
Where they apply, the algebraic formulae presented in Section 3 of Part I formed 
the basis of the calculations for these tables. 
Tables 1-1 to 1-7 inclusive are Gross Section Property Tables. Effective section 
properties can be found in Parts II and III for beams and columns, respectively. 
~ ~able 1-7 , th~ orie~tation o~ the x-axis is vertical to be consistent with the pro-
vIsions of Specification Section C3.I.2 which defines the x-axis as the axis of 
symmetry for singly-symmetric section. 
Gross Section Property Tables 
Table 1-1 
Gross Section Properties 
C-Sections With Lips 
Dimensions 
Axis x-x 
10 0 B t d R Area wtIft Ix Sx rx Iv 
in. in. in. in. in. in.2 Ib in.4 in.3 in. in.4 
16CS3.75x135 16.000 3.750 0.135 0.500 0.250 3.161 10.7 108.6 13.58 5.86 3.950 
16CS3.75x105 16.000 3.750 0.105 0.500 0.250 2.474 8.41 85.61 10.70 5.88 3.182 
16CS3.75x09O 16.000 3.750 0.090 0.500 0.250 2.127 7.23 73.87 9.233 5.89 2.775 
16CS3.75x075 16.000 3.750 0.075 0.500 0.250 1.778 6.05 61.96 7.746 5.90 2.353 
14CS3.75x135 14.000 3.750 0.135 0.500 0.250 2.891 9.83 78.57 11.22 5.21 3.825 
14CS3. 75x1 05 14.000 3.750 0.105 0.500 0.250 2.264 7.70 62.00 8.857 5.23 3.081 
14CS3.75x090 14.000 3.750 0.090 0.500 0.250 1.947 6.62 53.53 7.647 5.24 2.687 
14CS3.75x075 14.000 3.750 0.075 0.500 0.250 1.628 5.54 44.92 6.418 5.25 2.278 
14CS3.75x060 14.000 3.750 0.060 0.500 0.250 1.307 4.44 36.20 5.171 5.26 1.854 
12CS3.75x135 12.000 3.750 0.135 0.500 0.250 2.621 8.91 54.33 9.054 4.55 3.675 
12CS3. 75x1 05 12.000 3.750 0.105 0.500 0.250 2.054 6.98 42.92 7.154 4.57 2.960 
12CS3.75x090 12.000 3.750 0.090 0.500 0.250 1.767 6.01 37.08 6.180 4.58 2.581 
12CS3.75x075 12.000 3.750 0.075 0.500 0.250 1.478 5.03 31.14 5.190 4.59 2.188 
12CS3.75x060 12.000 3.750 0.060 0.500 0.250 1.187 4.04 25.11 4.184 4.60 1.781 
12CS1.625x102 12.000 1.625 0.102 0.500 0.194 1.573 5.35 26.78 4.463 4.13 0.325 
12CS1.625x071 12.000 1.625 0.071 0.500 0.136 1.113 3.78 19.31 3.219 4.17 0.251 
11CS3.75x135 11.000 3.750 0.135 0.500 0.250 2.486 8.45 44.20 8.036 4.22 3.588 
11 CS3.75x1 05 11.000 3.750 0.105 0.500 0.250 1.949 6.63 34.95 6.354 4.24 2.890 
11 CS3.75x090 11.000 3.750 0.090 0.500 0.250 1.677 5.70 30.20 5.491 4.24 2.520 
11 CS3. 75x075 11.000 3.750 0.075 0.500 0.250 1.403 4.77 25.37 4.614 4.25 2.136 
11 eS3.75x060 11.000 3.750 0.060 0.500 0.250 1.127 3.83 20.46 3.721 4.26 1.738 
1OCS3x135 10.000 3.000 0.135 0.500 0.250 2.149 7.31 30.39 6.078 3.76 1.930 
1 OCS3x1 05 10.000 3.000 0.105 0.500 0.250 1.686 5.73 24.10 4.819 3.78 1.567 
1OCS3x090 10.000 3.000 0.090 0.500 0.250 1.452 4.94 20.85 4.170 3.79 1.372 
1OCS3x075 10.000 3.000 0.075 0.500 0.250 1.215 4.13 17.54 3.508 3.80 1.167 
1OCS3x060 10.000 3.000 0.060 0.500 0.250 0.977 3.32 14.17 2.833 3.81 0.954 
1OCS1.625x102 10.000 1.625 0.102 0.500 0.194 1.369 4.66 16.83 3.366 3.51 0.314 
1OCS1.625x071 10.000 1.625 0.071 0.500 0.136 0.971 3.30 12.19 2.438 3.54 0.242 
y ~B~tr rM fbf x- ~---x t 0 , , Shear x~~ Center R U 
y 
Properties of Full Section 
Axis y-y 
Sv ry x m J Cw 
in.3 in. in. In. in.4 in.6 
1.302 1.118 0.717 1.214 0.0192 201.9 
1.048 1.134 0.715 1.232 0.00909 162.4 
0.914 1.142 0.714 1.240 0.00574 141.5 
0.775 1.150 0.712 1.249 0.00333 119.9 
1.287 1.150 0.778 1.279 0.0176 148.0 
1.036 1.167 0.776 1.297 0.00832 119.1 
0.903 1.175 0.775 1.306 0.00526 103.9 
0.766 1.183 0.775 1.315 0.00305 88.0 
0.623 1.191 0.774 1.324 0.00157 71.6 
1.268 1.184 0.851 1.350 0.0159 103.5 
1.021 1.200 0.850 1.369 0.00755 83.4 
0.890 1.209 0.850 1.378 0.00477 72.7 
0.754 1.217 0.849 1.387 0.00277 61.7 
0.614 1.225 0.849 1.397 0.00142 50.2 
0.240 0.455 0.269 0.470 0.00546 10.35 
0.185 0.475 0.267 0.485 0.00187 7.71 
1.256 1.201 0.893 1.390 0.0151 84.6 
1.011 1.218 0.893 1.408 0.00716 68.2 
0.882 1.226 0.893 1.418 0.00453 59.5 
0.748 1.234 0.893 1.427 0.00263 50.5 
0.608 1.242 0.893 1.436 0.00135 41.1 
0.836 0.948 0.690 1.089 0.0131 38.7 
0.678 0.964 0.689 1.107 0.00620 31.5 
0.594 0.972 0.688 1.116 0.00392 27.5 
0.505 0.980 0.688 1.125 0.00228 23.4 
0.412 0.988 0.687 1.135 0.00117 19.2 
0.238 0.479 0.302 0.514 0.00475 6.84 












































































































Table 1- 1 ~ ~B~h 
Gross Section Properties x-~ ~~ b 
C-Sections With Lips _ ~ =. lb-.l 
x~ ,..-
y 
Dimensions Properties of Full Section 
Axis x-x Axis y-y 
ID D B t d R Area wtIft Ix Sx rx Iy Sy ry x m J Cw j ro Xo 
in. in. in. in. in. in.2 Ib in.4 in.3 in. in.4 in.3 in. in. In. in.4 in.s in. in. in. 
1OCS1.625x057 10.000 1.625 0.057 0.500 0.108 0.786 2.67 9.96 1.992 3.56 0.204 0.154 0.509 0.301 0.538 0.000851 4.22 7.54 3.69 -0.810 
9CS3x135 9.000 3.000 0.135 0.500 0.250 2.014 6.85 23.63 5.252 3.43 1.874 0.826 0.965 0.732 1.128 0.0122 30.4 5.40 3.98 -1.792 
8CS3x105 9.000 3.000 0.105 0.500 0.250 1.581 5.38 18.76 4.169 3.44 1.522 0.671 0.981 0.731 1.146 0.00581 24.7 5.37 4.02 -1.825 
9CS3x090 9.000 3.000 0.090 0.500 0.250 1.362 4.63 16.24 3.609 3.45 1.332 0.587 0.989 0.731 1.156 0.00368 21.6 5.35 4.04 -1.842 
9CS3x075 9.000 3.000 0.075 0.500 0.250 1.140 3.88 13.67 3.038 3.46 1.134 0.500 0.997 0.731 1.165 0.00214 18.4 5.34 4.05 -1.858 1 
9CS3x06O 9.000 3.000 0.060 0.500 0.250 0.917 3.12 11.05 2.455 3.47 0.926 0.408 1.005 0.730 1.174 0.00110 15.1 5.32 4.07 -1.875 
8CS1.625x102 8.000 1.625 0.102 0.500 0.194 1.165 3.96 9.622 2.406 2.87 0.299 0.234 0.507 0.346 0.568 0.00404 4.12 5.63 3.04 -0.8631 
1OS1.625x071 8.000 1.625 0.071 0.500 0.136 0.829 2.82 7.004 1.751 2.91 0.231 0.180 0.528 0.346 0.586 0.00139 3.08 5.31 3.09 -0.897 
8CS1.625x057 8.000 1.625 0.057 0.500 0.108 0.672 2.28 5.738 1.435 2.92 0.194 0.152 0.537 0.347 0.594 0.000728 2.55 5.18 3.11 -0.912 I 
8CS1.625x045 8.000 1.625 0.045 0.500 0.0938 0.534 1.82 4.596 1.149 2.93 0.158 0.124 0.544 0.347 0.601 0.000361 2.07 5.10 3.12 -0.925 
S".5CS1.625x102 5.500 1.625 0.102 0.500 0.194 0.910 3.09 3.841 1.397 2.05 0.271 0.226 0.546 0.428 0.656 0.00316 1.78 3.26 2.36 -1.033 
5.5CS1.625x071 5.500 1.625 0.071 0.500 0.136 0.651 2.21 2.823 1.027 2.08 0.209 0.175 0.566 0.431 0.675 0.00109 1.34 3.13 2.41 -1.071 
5~5CS1.625x057 5.500 1.625 0.057 0.500 0.108 0.529 1.80 2.323 0.845 2.10 0.175 0.147 0.575 0.433 0.683 0.000573 1.11 3.08 2.43 -1.088 
" .5.5CS1.625x045 5.500 1.625 0.045 0.500 0.0938 0.422 1.43 1.866 0.679 2.10 0.143 0.120 0.582 0.433 0.691 0.000285 0.904 3.05 2.44 -1.101 
" 5.6CS1..625x035 5.500 1.625 0.035 0.500 0.0938 0.330 1.12 1.467 0.533 2.11 0.114 0.095 0.587 0.433 0.697 0.000135 0.720 3.04 2.46 -1.112 
. " '4CS4x135 4.000 4.000 0.135 0.500 0.250 1.609 5.47 4.603 2.302 1.69 3.014 1.212 1.369 1.513 1.878 0.00977 10.2 3.97 3.97 -3.324 
4CS4x105 4.000 4.000 0.105 0.500 0.250 1.266 4.31 3.683 1.842 1.71 2.427 0.977 1.384 1.516 1.899 0.00465 8.37 4.00 4.02 -3.362 
4CS4x090 4.000 4.000 0.090 0.500 0.250 1.092 3.71 3.201 1.601 1.71 2.117 0.852 1.392 1.517 1.909 0.00295 7.36 4.02 4.04 -3.381 
4CS4x075 4.000 4.000 0.075 0.500 0.250 0.915 3.11 2.705 1.353 1.72 1.795 0.723 1.400 1.518 1.919 0.00172 6.29 4.03 4.06 -3.400 
4CS4x060 4.000 4.000 0.060 0.500 0.250 0.737 2.51 2.195 1.097 1.73 1.460 0.589 1.408 1.519 1.930 0.000884 5.16 4.05 4.08 -3.419 
4CS1.625x071 4.000 1.625 0.071 0.375 0.1875 0.521 1.77 1.258 0.629 1.55 0.162 0.140 0.558 0.468 0.694 0.000875 0.559 2.40 2.00 -1.126 
4CS1.625X057 4.000 1.625 0.057 0.375 0.1875 0.422 1.43 1.029 0.515 1.56 0.135 0.117 0.566 0.468 0.703 0.000457 0.467 2.40 2.02 -1.143 
4CS1.625x045 4.000 1.625 0.045 0.375 0.1875 0.336 1.14 0.826 0.413 1.57 0.110 0.095 0.572 0.468 0.710 0.000227 0.381 2.40 2.03 -1.156 
.' 4CS1.625X035 4.000 1.625 0.035 0.375 0.1875 0.263 0.89 0.651 0.326 1.57 0.087 0.076 0.577 0.468 0.717 0.000107 0.305 2.40 2.04 -1.168 
3.5CS1.625X071 3.500 1.625 0.071 0.500 0.136 0.509 1.73 0.970 0.554 1.38 0.180 0.167 0.595 0.542 0.772 0.000856 0.513 2.09 1.97 -1.278 
; 3.SCS1.625x057 3.500 1.625 0.057 0.500 0.108 0.415 1.41 0.803 0.459 1.39 0.152 0.140 0.604 0.544 0.781 0.000450 0.428 2.08 1.99 -1.296 








































iTable 1-1 ~ ~B~-h-
Gross Section Properties 1:~ I 
x- t 0 
C-Sections With Lips ~~r R~ U 
'. x ~ 
., y 
.•.. Dimensions Properties of Full Section 
: . " .\ 
: .. " Axis x-x Axis y-y 
> .. ". 10 0 B t d R Area wtIft Ix Sx rx Iv Sv rv x m J Cw j ro Xo 
in. in. in. in. in. in.2 Ib in.4 in.3 in. in.4 in.3 in. in. In. in.4 in.6 in. in. in. 
3.5CS1.625x035 3.500 1.625 0.035 0.500 0.0938 0.260 0.883 0.511 0.292 1.40 0.098 0.091 0.616 0.545 0.796 0:000106 0.280 2.08 2.02 -1 .323 
3CS3x135 3.000 3.000 0.135 0.500 0.250 1.204 4.09 1.865 1.243 1.25 1.277 0.701 1.030 1.179 1.451 0.00731 2.70 3.02 3.03 -2.562 
3CS3x105 3.000 3.000 0.105 0.500 0.250 0.951 3.24 1.507 1.004 1.26 1.039 0.571 1.045 1.180 1.471 0.00350 2.25 3.05 3.07 -2.599 
. 3CS3x09O 3.000 3.000 0.090 0.500 0.250 0.822 2.80 1.316 0.8n 1.27 0.911 0.501 1.053 1.181 1.481 0.00222 1.99 3.06 3.09 -2.618 
3CS3x075 3.000 3.000 0.075 0.500 0.250 0.690 2.35 1.117 0.745 1.27 0.7n 0.427 1.061 1.182 1.492 0.00129 1.72 3.08 3.11 -2.637 
3CS3x060 3.000 3.000 0.060 0.500 0.250 0.557 1.89 0.910 0.607 1.28 0.635 0.350 1.068 1.183 1.502 0.000668 1.42 3.09 3.13 -2.655 
3CS1.625x071 3.000 1.625 0.071 0.375 0.136 0.456 1.55 0.657 0.438 1.20 0.152 0.140 0.5n 0.540 0.747 0.000766 0.300 1.94 1.83 -1.252 
3CS1.625X057 3.000 1.625 0.057 0.375 0.108 0.373 1.27 0.545 0.364 1.21 0.128 0.119 0.587 0.543 0.757 0.000404 0.252 1.93 1.85 -1.271 
3CS1.625x045 3.000 1.625 0.045 0.375 0.0938 0.298 1.01 0.441 0.294 1.22 0.105 0.0972 0.594 0.544 0.764 0.000201 0.206 1.93 1.87 -1.286 
3CS1.625x035 3.000 1.625 0.035 0.375 0.0938 0.233 0.794 0.348 0.232 1.22 0.0836 0.0774 0.599 0.544 0.771 0.0000953 0.165 1.94 1.88 -1.298 
2.5CS1.625X071 2.500 1.625 0.071 0.375 0.136 0.420 1.43 0.431 0.345 1.01 0.142 0.136 0.581 0.583 0.778 0.000707 0.206 1.80 1.77 -1.325 
2.5CS1.625x057 2.500 1.625 0.057 0.375 0.108 0.344 1.17 0.359 0.287 1.02 0.120 0.116 0.591 0.585 0.787 0.000373 0.173 1.80 1.79 -1.344 
2.5CS1.625x045 2.500 1.625 0.045 0.375 0.0938 0.275 0.936 0.291 0.233 1.03 0.0984 0.0948 0.598 0.587 0.795 0.000186 0.142 1.81 1.81 -1.360 
2.5CS1.625X035 2.500 1.625 0.035 0.375 0.0938 0.216 0.734 0.230 0.184 1.03 0.0784 0.0755 0.603 0.587 0.802 0.0000882 0.114 1.82 1.82 -1.372 
1.SCS1.625X071 1.500 1.625 0.071 0.375 0.136 0.349 1.19 0.133 0.178 0.62 0.116 0.125 0.577 0.694 0.849 0.000587 0.0784 1.67 1.73 -1.508 
1.5CS1.625x057 1.500 1.625 0.057 0.375 0.108 0.287 0.976 0.112 0.150 0.63 0.0989 0.106 0.587 0.696 0.859 0.000311 0.0668 1.68 1.75 -1.526 
1.5CS1.625X045 1.500 1.625 0.045 0.375 0.0938 0.230 0.783 0.0918 0.122 0.63 0.0813 0.0876 0.594 0.697 0.867 0.000156 0.0554 1.69 1.77 -1.541 


















































Gross Section Properties 
C-Sections Without Lips 
Dimensions 
Axis x-x 
10 0 B t R Area wtIft Ix Sx 
in. in. in. in. in.2 Ib in.4 in.3 
12CU1.25x071 12.000 1.250 0.071 0.1875 1.006 3.42 15.69 2.61 
12CU1.25X057 12.000 1.250 0.057 0.1875 0.809 2.75 12.68 2.11 
1OCU1.25x071 10.000 1.250 0.071 0.1875 0.864 2.94 9.70 1.94 
1OCU1.25x057 10.000 1.250 0.057 0.1875 0.695 2.36 7.85 1.57 
1OCU1.25x045 10.000 1.250 0.045 0.1875 0.550 1.87 6.23 1.25 
8CU1.25x071 8.000 1.250 0.071 0.1875 0.722 2.45 5.44 1.36 
8CU1.25x057 8.000 1.250 0.057 0.1875 0.581 1.98 4.41 1.10 
SCU1.25x045 8.000 1.250 0.045 0.1875 0.460 1.57 3.51 0.876 
8CU1.25x035 8.000 1.250 0.035 0.1875 0.359 1.22 2.74 0.686 
5.5CU1.25x071 5.500 1.250 0.071 0.1875 0.544 1.85 2.11 0.769 
5.5CU1.2SXOS7 5.500 1.250 0.057 0.1875 0.439 1.49 1.72 0.624 
S.5CU1.25x045 5.500 1.250 0.045 0.1875 0.348 1.18 1.37 0.498 
5.5CU1.25x035 5.500 1.250 0.035 0.1875 0.271 0.923 1.07 0.390 
4CU1.25x071 4.000 1.250. 0.071 0.1875 0.438 1.49 0.970 0.485 
4CU1.25x057 4.000 1.250 0.057 0.1875 0.353 1.20 0.790 0.395 
4CU1.25x045 4.000 1.250 0.045 0.1875 0.280 0.953 0.631 0.316 
4CU1.25x035 4.000 1.250 0.035 0.1875 0.219 0.744 0.496 0.248 
3.5CUf .25x071 3.500 1.250 0.071 0.1875 0.402 1.37 0.704 0.402 
3..seu1.25x057 3.500 1.250 0.057 0.1875 0.325 1.11 0.574 0.328 
3.5CU125x045 3.500 1.250 0.045 0.1875 0.258 0.8n 0.459 0.262 
3)jCU1.25x035 3.500 1.250 0.035 0.1875 0.201 0.685 0.361 0.206 
~1.25x071 3.000 1.250 0.071 0.1875 0.367 1.25 0.488 0.325 
3CU1.25x057 3.000 1.250 0.057 0.1875 0.296 1.01 0.399 0.266 
3CU1.2Sx045 3.000 1.250 0.045 0.1875 0.235 0.800 0.319 0.213 
3CU1.25x035 3.000 1.250 0.035 0.1875 0.184 0.625 0.252 0.168 
J.- .:: ~" 





























y ~B-+j_ r,:p {1 I I x- :----x t 0 I 
I Shear 
I Center R 1 I 
x+! , 
y 
Properties of Full Sections 
Axis y-y 
Sy ry i m J Cw 
in.3 in. in. in. in.4 in.6 
0.0665 0.271 0.140 0.230 0.00169 2.16 
0.0540 0.273 0.134 0.232 0.000877 1.77 
0.0659 0.289 0.157 0.257 0.00145 1.43 
0.0535 0.291 0.151 0.259 0.000753 1.17 
0.0427 0.292 0.146 0.261 0.000372 0.936 
0.0650 0.310 0.181 0.291 0.00121 0.854 
0.0528 0.312 0.175 0.293 0.000630 0.699 
0.0421 0.314 0.170 0.295 0.000311 0.561 
0.0330 0.316 0.166 0.297 0.000147 0.443 
0.0631 0.344 0.229 0.348 0.000915 0.356 
0.0513 0.346 0.223 0.350 0.000475 0.292 
0.0409 0.348 0.218 0.353 0.000235 0.235 
0.0321 0.350 0.214 0.354 0.000111 0.186 
0.0611 0.369 0.276 0.395 0.000736 0.168 
0.0496 0.371 0.270 0.397 0.000383 0.138 
0.0396 0.373 0.265 0.399 0.000189 0.111 
0.0310 0.374 0.261 0.401 0.0000894 0.0879 
0.0601 0.3n 0.297 0.413 0.000676 0.122 
0.0488 0.380 0.291 0.416 0.000352 0.101 
0.0390 0.382 0.287 0.418 0.000174 0.0811 
0.0305 0.383 0.283 0.420 0.0000822 0.0642 
0.0589 0.386 0.322 0.433 0.000616 0.0846 
0.0479 0.388 0.317 0.436 0.000321 0.0697 
0.0382 0.390 0.312 0.438 0.000159 0.0563 
0.0299 0.392 0.308 0.440 0.0000751 0.0446 









































































































Gross Section Properties 
C-Sections Without Lips 
: Dimensions 
Axis x-x 
10 D B t R Area wtIft Ix Sx rx Iy 
in. in. in. in. in.2 Ib in.4 in.3 in. in.4 
2.5CU1.25x057 2.500 1.250 0.057 0.1875 0.268 0.911 0.260 0.208 0.986 0.0420 
2.5CU1.25x045 2.500 1.250 0.045 0.1875 0.213 0.724 0.209 0.167 0.991 0.0337 
2.5CU1.25x035 2.500 1.250 0.035 0.1875 0.166 0.566 0.165 0.132 0.995 0.0266 
1.SCU1.2Sx071 1.500 1.250 0.071 0.1875 0.260 0.885 0.0977 0.130 0.613 0.0423 
1.5CU1.25x057 1.500 1.250 0.057 0.1875 0.211 0.717 0.0807 0.108 0.619 0.0347 
1.5CU1.25x045 1.500 1.250 0.045 0.1875 0.168 0.571 0.0653 0.0871 0.624 0.0279 
1.SCU1.25x035 1.500 1.250 0.035 0.1875 0.131 0.447 0.0519 0.0692 0.628 0.0220 
y ~B-+j_ ~ {i I I x- :- - --x t D I 
I Shear 
I Center R 1 I 
i+l . 
Y 
Properties of Full Sections 
Axis y-y 
Sy ry x m J Cw 
in.3 in. in. in. in.4 in.6 
0.0466 0.396 0.347 0.458 0.000290 0.0452 
0.0372 0.398 0.342 0.460 0.000144 0.0366 
0.0292 0.400 0.338 0.462 0.0000679 0.0290 
0.0522 0.403 0.440 0.508 0.000437 0.0161 
0.0425 0.406 0.433 0.510 0.000228 0.0135 
0.0339 0.408 0.428 0.513 0.000113 0.0110 
0.0266 0.409 0.424 0.514 0.0000537 0.00877 
j ra Xo 
in. in. in. 
1.40 1.32 -0.777 
1.41 1.32 -0.780 
1.42 1.33 -0.783 
1.13 1.17 -0.912 
1.14 1.18 -0.915 
1.15 1.18 -0.918 





















































Table 1- 3 
Gross Section Properties 
Z-Sections With Lips 
Dimensions 
10 0 B t d "( R Area wtlft Ix 
in. in. in. in. deg in. in.2 Ib in.4 
12ZS3.25x135 12.000 3.250 0.135 0.750 50 0.1875 2.613 8.88 53.74 
12ZS3.25x105 12.000 3.250 0.105 0.750 50 0.1875 2.043 6.95 42.31 
12ZS3.25x090 12.000 3.250 0.090 0.750 50 0.1875 1.756 5.97 36.49 
12ZS3.25x075 12.000 3.250 0.075 0.750 50 0.1875 1.467 4.99 30.59 
12ZS3.25x060 12.000 3.250 0.060 0.750 50 0.1875 1.177 4.00 24.62 
1OZS3x135 10.000 3.000 0.135 0.750 50 0.1875 2.275 7.74 33.23 
1 OZS3x1 05 10.000 3.000 0.105 0.750 50 0.1875 1.781 6.05 26.21 
1OZS3x090 10.000 3.000 0.090 0.750 50 0.1875 1.531 5.21 22.63 
t0ZS3x075 10.000 3.000 0.075 0.750 50 0.1875 1.279 4.35 18.99 
. 10ZS3x060 10.000 3.000 0.060 0.750 50 0.1875 1.027 3.49 15.30 
9ZS3x135 9.000 3.000 0.135 0.750 50 0.1875 2.140 7.28 25.91 
9ZS3x105 9.000 3.000 0.105 0.750 50 0.1875 1.676 5.70 20.46 
; 9ZS3x090 9.000 3.000 0.090 0.750 50 0.1875 1.441 4.90 17.66 
.. :·9ZS3x075 9.000 3.000 0.075 0.750 50 0.1875 1.204 4.10 14.83 
.~ 9.000 3.000 0.060 0.750 50 0.1875 0.967 3.29 11.95 
aZS2.5x1 05 8.000 2.500 0.105 0.750 50 0.1875 1.466 4.98 13.90 
, 8ZS2.Sx090 8.000 2.500 0.090 0.750 50 0.1875 1.261 4.29 12.01 
SZS2.5x075 8.000 2.500 0.075 0.750 50 0.1875 1.054 3.59 10.10 
. 8ZS2.5x060 8.000 2.500 0.060 0.750 50 0.1875 0.847 2.88 8.15 
" ~Sx048 8.000 2.500 0.048 0.750 50 0.1875 0.679 2.31 6.56 
;; ~ 
· 8ZS2x105 8.000 2.000 0.105 0.750 50 0.1875 1.361 4.63 12.26 
· SZS2x090 8.000 2.000 0.090 0.750 50 0.1875 1.171 3.98 10.61 
8ZS2x075 8.000 2.000 0.075 0.750 50 0.1875 0.979 3.33 8.92 
8ZS2x06O 8.000 2.000 0.060 0.750 50 0.1875 0.787 2.68 7.20 
SZS2x048 8.000 2.000 0.048 0.750 50 0.1875 0.631 2.15 5.80 
--
Axis x-x Axis y-y 
Sx rx Iy Sy 
in.3 in. in.4 in.3 
8.957 4.54 4.996 1.363 
7.052 4.55 3.976 1.080 
6.081 4.56 3.446 0.935 
5.099 4.57 2.905 0.786 
4.104 4.57 2.350 0.635 
6.647 3.82 4.068 1.191 
5.243 3.84 3.242 0.945 
4.525 3.85 2.813 0.818 
3.797 3.85 2.373 0.689 
3.059 3.86 1.921 0.557 
5.757 3.48 4.068 1.191 
4.546 3.49 3.242 0.945 
3.925 3.50 2.813 0.818 
3.296 3.51 2.373 0.689 
2.656 3.52 1.921 0.557 
3.474 3.08 2.055 0.702 
3.004 3.09 1.787 0.608 
2.524 3.09 1.510 0.513 
2.037 3.10 1.225 0.415 
1.640 3.11 0.991 0.335 
3.065 3.00 1.197 0.493 
2.652 3.01 1.044 0.428 
2.230 3.02 0.884 0.362 
1.800 3.03 0.719 0.293 
1.451 3.03 0.583 0.237 
y ?C2 ~~ ' , Ff~7Y Y2~ :J~- . x x- -~-~-~: 
-+ +-t ! , ~ Y2 " ,~ ~ , , P~B+ x~ Y 
Properties of Full Section 
ry Ixy 1x2 1y2 rmin 
in. in.4 in.4 in.4 in. 
1.383 11.587 2.38 56.36 0.955 
1.395 9.173 1.89 44.39 0.963 
1.401 7.932 1.64 38.29 0.967 
1.407 6.668 1.38 32.11 0.971 
1.413 5.381 1.12 25.85 0.975 
1.337 8.374 1.83 35.47 0.898 
1.349 6.640 1.46 28.00 0.906 
1.356 5.746 1.27 24.17 0.910 
1.362 4.834 1.07 20.29 0.914 
1.368 3.904 0.86 16.35 0.918 
1.379 7.508 1.74 28.24 0.901 
1.391 5.955 1.38 22.31 0.909 
1.397 5.154 1.20 19.28 0.912 
1.403 4.337 1.01 16.19 0.916 
1.410 3.503 0.819 13.05 0.920 
1.184 3.888 0.893 15.06 0.780 
1.190 3.370 0.n6 13.02 0.784 
1.197 2.840 0.655 10.95 0.788 
1.203 2.298 0.532 8.84 0.792 
1.208 1.855 0.430 7.12 0.796 
0.938 2.714 0.567 12.89 0.646 
0.944 2.357 0.494 11.16 0.650 
0.950 1.990 0.419 9.39 0.654 
0.956 1.612 0.340 7.58 0.658 




































































































labia I - 3 y X2 /+B1 d 
• Gross Section Properties Y,__ ~71 L~~ 
x---~-~:~ ~--.x - +-t 0 
Z-Sections With Lips ~ ---y, .~ 1 
x; y Pl.-B+ 
Dimensions Properties of Full Section 
Axis x-x Axis y-y 
10 0 B t d "( R Area wtlft Ix Sx rx Iy Sy ry Ixy 1x2 1y2 rmin a J Cw 
in. in. in. in. deg in. in.2 Ib in.4 in.3 in. in.4 in.3 in. in.4 in.4 in.4 in. deg in.4 in.6 
7ZS2x105 7.000 2.000 0.105 0.750 50 0.1875 1.256 4.27 8.90 2.543 2.66 1.197 0.493 0.977 2.358 0.533 9.57 0.651 74.26 0.00461 10.6 
7ZS2x090 7.000 2.000 0.090 0.750 50 0.1875 1.081 3.68 7.71 2.202 2.67 1.044 0.428 0.983 2.049 0.464 8.29 0.655 74.21 0.00292 9.26 
7ZS2x075 7.000 2.000 0.075 0.750 50 0.1875 0.904 3.08 6.49 1.853 2.68 0.884 0.362 0.989 1.730 0.393 6.98 0.659 74.15 0.00170 7.88 
7ZS2x060 7.000 2.000 0.060 0.750 50 0.1875 0.727 2.47 5.24 1.497 2.69 0.719 0.293 0.995 1.402 0.320 5.64 0.663 74.09 0.000872 6.43 
7ZS2x048 7.000 2.000 0.048 0.750 50 0.1875 0.583 1.98 4.23 1.207 2.69 0.583 0.237 1.000 1.134 0.259 4.55 0.667 74.05 0.000448 5.22 
6ZS2x105 6.000 2.000 0.105 0.750 50 0.1875 1.151 3.91 6.17 2.057 2.32 1.197 0.493 1.020 2.003 0.491 6.88 0.653 70.58 0.00423 7.54 
6ZS2x090 6.000 2.000 0.090 0.750 50 0.1875 0.991 3.37 5.35 1.782 2.32 1.044 0.428 1.026 1.740 0.428 5.96 0.657 70.52 0.00268 6.60 
6ZS2x075 6.000 2.000 0.075 0.750 50 0.1875 0.829 2.82 4.50 1.502 2.33 0.884 0.362 1.033 1.470 0.363 5.03 0.661 70.46 0.00156 5.61 
6ZS2x060 6.000 2.000 0.060 0.750 50 0.1875 0.667 2.27 3.64 1.214 2.34 0.719 0.293 1.039 1.192 0.295 4.07 0.665 70.40 0.000800 4.58 
6ZS2x048 6.000 2.000 0.048 0.750 50 0.1875 0.535 1.82 2.94 0.980 2.34 0.583 0.237 1.044 0.964 0.239 3.28 0.668 70.36 0.000411 3.73 
5ZS2x090 5.000 2.000 0.090 0.750 50 0.1875 0.901 3.06 3.48 1.393 1.97 1.044 0.428 1.076 1.432 0.383 4.14 0.652 65.21 0.00243 4.42 
5ZS2x075 5.000 2.000 0.075 0.750 50 0.1875 0.754 2.57 2.94 1.175 1.97 0.884 0.362 1.083 1.210 0.324 3.50 0.656 65.16 0.00141 3.76 
SZS2x060 5.000 2.000 0.060 0.750 50 0.1875 0.607 2.06 2.38 0.952 1.98 0.719 0.293 1.089 0.982 0.264 2.84 0.659 65.11 0.000728 3.08 
SZS2x048 5.000 2.000 0.048 0.750 50 0.1875 0.487 1.66 1.92 0.769 1.99 0.583 0.237 1.094 0.794 0.214 2.29 0.663 65.07 0.000374 2.50 
SZS2x036 5.000 2.000 0.036 0.750 50 0.1875 0.367 1.25 1.46 0.582 1.99 0.443 0.180 1.099 0.602 0.163 1.74 0.666 65.02 0.000159 1.91 
4ZS2x090 4.000 2.000 0.090 0.750 50 0.1875 0.811 2.76 2.07 1.035 1.60 1.044 0.428 1.135 1.123 0.322 2.79 0.630 57.27 0.00219 2.71 
4ZS2x075 4.000 2.000 0.075 0.750 50 0.1875 0.679 2.31 1.75 0.875 1.60 0.884 0.362 1.141 0.950 0.273 2.36 0.634 57.23 0.00127 2.31 
4ZS2x060 4.000 2.000 0.060 0.750 50 0.1875 0.547 1.86 1.42 0.710 1.61 0.719 0.293 1.147 0.n2 0.222 1.92 0.637 57.20 0.000656 1.90 
4ZS2x048 4.000 2.000 0.048 0.750 50 0.1875 0.439 1.49 1.15 0.574 1.62 0.583 0.237 1.152 0.625 0.180 1.55 0.641 57.17 0.000337 1.55 
4ZS2x036 4.000 2.000 0.036 0.750 50 0.1875 0.331 1.13 0.871 0.436 1.62 0.443 0.180 1.157 0.474 0.137 1.18 0.644 57.14 0.000143 1.18 
3ZS1.75x090 3.000 1.750 0.090 0.750 50 0.1875 0.676 2.30 0.965 0.644 1.20 0.764 0.350 1.064 0.659 0.199 1.53 0.542 49.34 0.00182 1.11 
3ZS1.75x075 3.000 1.750 0.075 0.750 50 0.1875 0.567 1.93 0.819 0.546 1.20 0.649 0.296 1.070 0.559 0.169 1.30 0.546 49.33 0.00106 0.954 
3ZS1.75x060 3.000 1.750 0.060 0.750 50 0.1875 0.457 1.55 0.667 0.445 1.21 0.529 0.240 1.076 0.455 0.138 1.06 0.550 49.33 0.000548 0.785 
3ZS1.75x048 3.000 1.750 0.048 0.750 50 0.1875 0.367 1.25 0.542 0.361 1.21 0.429 0.194 1.081 0.369 0.112 0.859 0.553 49.33 0.000282 0.642 






















































Gross Section Properties 
Z-Sections Without Lips 
Dimensions 
Axis x-x 
10 D B t R Area wtlft Ix Sx rx 
in. in. in. in. in.2 Ib in.4 in.3 in. 
azU1.25x105 8.000 1.250 0.105 0.1875 1.059 3.60 7.881 1.970 2.728 
SZU1.25x090 8.000 1.250 0.090 0.1875 0.911 3.10 6.818 1.705 2.736 
8ZU1.25x075 8.000 1.250 0.075 0.1875 0.762 2.59 5.735 1.434 2.744 
SZU1.25x060 8.000 1.250 0.060 0.1875 0.612 2.08 4.631 1.158 2.752 
SZU1.25x048 8.000 1.250 0.048 0.1875 0.491 1.67 3.732 0.933 2.758 
6ZU1.25x105 6.000 1.250 0.105 0.1875 0.849 2.89 3.784 1.261 2.111 
6ZU1.25x090 6.000 1.250 0.090 0.1875 0.731 2.49 3.281 1.094 2.119 
SZU1.25x075 6.000 1.250 0.075 0.1875 0.612 2.08 2.766 0.922 2.126 
6ZU1.25x060 6.000 1.250 0.060 0.1875 0.492 1.67 2.238 0.746 2.134 
6ZU1.25x048 6.000 1.250 0.048 0.1875 0.395 1.34 1.807 0.602 2.140 
4ZU1.25x090 4.000 1.250 0.090 0.1875 0.551 1.87 1.206 0.603 1.480 
... 4ZU1.25x075 4.000 1.250 0.075 0.1875 0.462 1.57 1.021 0.510 1.487 
4ZU1.25x060 4.000 1.250 0.060 0.1875 0.372 1.26 0.829 0.415 1.494 
4ZY1.25x048 4.000 1.250 0.048 0.1875 0.299 1.02 0.671 0.336 1.499 
4ZU1.25X036 4.000 1.250 0.036 0.1875 0.225 0.765 0.510 0.255 1.505 
3~625ZU1.25x090 3.625 1.250 0.090 0.1875 0.517 1.76 0.950 0.524 1.356 
3.625ZU1.25x075 3.625 1.250 0.075 0.1875 0.434 1.47 0.805 0.444 1.363 
3.62SZU1.25x060 3.625 1.250 0.060 0.1875 0.349 1.19 0.655 0.361 1.369 
3.625ZU1.25x048 3.625 1.250 0.048 0.1875 0.281 0.954 0.531 0.293 1.375 
3.625ZU1.25x036 3.625 1.250 0.036 0.1875 0.212 0.719 0.403 0.222 1.380 
2.5ZU1.25x090 2.500 1.250 0.090 0.1875 0.416 1.41 0.392 0.314 0.971 
2.SZU1.25x075 2.500 1.250 0.075 0.1875 0.349 1.19 0.334 0.267 0.978 
2.SZU1.25x060 2.500 1.250 0.060 0.1875 0.282 0.957 0.273 0.218 0.984 
2.5ZU1.25x048 2.500 1.250 0.048 0.1875 0.227 0.771 0.222 0.178 0.990 
2~5ZU1.25x036 2.500 1.250 0.036 0.1875 0.171 0.582 0.169 0.136 0.995 
1.SZU1.25x090 1.500 1.250 0.090 0.1875 0.326 1.11 0.119 0.159 0.604 
- 1.~1.25x075 1.500 1.250 0.075 0.1875 0.274 0.932 0.102 0.136 0.611 
;' ~l.5ZU1.25x060 1.500 1.250 0.060 0.1875 0.222 0.753 0.0845 0.113 0.617 
1.5ZU1.25x048 1.500 1.250 0.048 0.1875 0.179 0.608 0.0693 0.0924 0.623 
1.SZU1.25x036 1.500 1.250 0.036 0.1875 0.135 0.459 0.0532 0.0710 0.628 
y ~2 
~ 





Properties of Full Section 
Axis y-y 
Iy Sy Ixy 1x2 ry 
in.4 in.3 in. in.4 in.4 
0.120 0.100 0.337 0.598 0.0745 
0.105 0.087 0.340 0.519 0.0651 
0.0892 0.074 0.342 0.439 0.0553 
0.0727 0.060 0.345 0.356 0.0450 
0.0590 0.048 0.347 0.288 0.0365 
0.120 0.100 0.376 0.446 0.0667 
0.105 0.087 0.379 0.388 0.0583 
0.0892 0.074 0.382 0.328 0.0495 
0.0727 0.060 0.384 0.266 0.0404 
0.0590 0.048 0.387 0.216 0.0328 
0.105 0.087 0.437 0.257 0.0481 
0.0892 0.074 0.439 0.217 0.0410 
0.0727 0.060 0.442 0.177 0.0334 
0.0590 0.048 0.444 0.143 0.0272 
0.0449 0.036 0.447 0.109 0.0207 
0.105 0.087 0.451 0.232 0.0455 
0.0892 0.074 0.453 0.197 0.0388 
0.0727 0.060 0.456 0.160 0.0317 
0.0590 0.048 0.458 0.130 0.0258 
0.0449 0.036 0.461 0.098 0.0197 
0.105 0.087 0.503 0.158 0.0350 
0.0892 0.074 0.505 0.134 0.0299 
0.0727 0.060 0.508 0.109 0.0245 
0.0590 0.048 0.510 0.0888 0.0200 
0.0449 0.036 0.512 0.0675 0.0153 
0.105 0.087 0.568 0.0925 0.0193 
0.0892 0.074 0.570 0.0788 0.0167 
0.0727 0.060 0.573 0.0645 0.0138 
0.0590 0.048 0.575 0.0525 0.0113 
0.0449 0.036 0.577 0.0401 0.00874 
~ 
tJ 
1y2 rmin e 
in.4 in. deg 
7.927 0.265 85.62 
6.858 0.267 85.60 
5.769 0.269 85.58 
4.658 0.271 85.56 
3.754 0.273 85.54 
3.838 0.28 83.16 
3.328 0.282 83.13 
2.806 0.285 83.11 
2.270 0.287 83.09 
1.833 0.288 83.07 
1.263 0.296 77.50 
1.069 0.298 77.49 
0.868 0.3 77.48 
0.703 0.302 77.47 
0.534 0.303 77.46 
1.010 0.297 75.62 
0.856 0.299 75.62 
0.696 0.301 75.61 
0.564 0.303 75.61 
0.428 0.305 75.61 
0.462 0.29 66.12 
0.393 0.293 66.18 
0.321 0.295 66.24 
0.261 0.297 66.28 
0.199 0.299 66.33 
0.205 0.243 47.16 
0.175 0.246 47.39 
0.143 0.249 47.61 
0.117 0.252 47.79 
















































































Table 1- 5 
Gross Section Properties 
Equal Leg Angles With Lips 
Size t d R Area wtIft Axis x-x and y-y 
10 0 B Ix Sx r x=y 
in. in. in. in. in. in.2 Ib in.4 in.3 in. in. 
4LS4x135 4.000 4.000 0.135 0.500 0.1875 1.116 3.79 1.979 0.691 1.332 1.134 
4LS4x10S 4.000 4.000 0.105 0.500 0.1875 0.879 2.99 1.594 0.556 1.346 1.131 
4LS4x090 4.000 4.000 0.090 0.500 0.1875 0.759 2.58 1.390 0.484 1.354 1.129 
4LS4x075 4.000 4.000 0.075 0.500 0.1875 0.636 2.16 1.179 0.410 1.361 1.128 
4LS4x060 4.000 4.000 0.060 0.500 0.1875 0.512 1.74 0.959 0.334 1.368 1.126 
3LS3x135 3.000 3.000 0.135 0.500 0.1875 0.846 2.88 0.850 0.402 1.002 0.886 
3lS3x105 3.000 3.000 0.105 0.500 0.1875 0.669 2.28 0.692 0.327 1.017 0.882 
3LS3x090 3.000 3.000 0.090 0.500 0.1875 0.579 1.97 0.607 0.286 1.024 0.881 
3LS3x075 3.000 3.000 0.075 0.500 0.1875 0.486 1.65 0.517 0.244 1.031 0.879 
3LS3x060 3.000 3.000 0.060 0.500 0.1875 0.392 1.33 0.423 0.199 1.038 0.878 
2.5LS2.5x135 2.500 2.500 0.135 0.500 0.1875 0.711 2.42 0.497 0.286 0.836 0.762 
2.5LS2.5x105 2.500 2.500 0.105 0.500 0.1875 0.564 1.92 0.408 0.234 0.850 0.759 
2.5LS2.5x09O 2.500 2.500 0.090 0.500 0.1875 0.489 1.66 0.359 0.206 0.857 0.757 
2.5LS2.5x075 2.500 2.500 0.075 0.500 0.1875 0.411 1.40 0.307 0.176 0.864 0.755 
2.5LS2.5x060 2.500 2.500 0.060 0.500 0.1875 0.332 1.13 0.252 0.144 0.871 0.754 
2LS2x135 2.000 2.000 0.135 0.500 0.1875 0.576 1.96 0.257 0.189 0.668 0.639 
2LS2x1 05 2.000 2.000 0.105 0.500 0.1875 0.459 1.56 0.213 0.156 0.681 0.636 
2LS2x090 2.000 2.000 0.090 0.500 0.1875 0.399 1.36 0.189 0.138 0.688 0.634 
2LS2x075 2.000 2.000 0.075 0.500 0.1875 0.336 1.14 0.163 0.119 0.695 0.632 
2LS2x060 2.000 2.000 0.060 0.500 0.1875 0.272 0.926 0.134 0.0980 0.702 0.631 
Y, Y d 
' - , 
---., x 0+- L 1r,:J : , , x-t I lLBJd --~-------- x y : J] , .. Y, Y 
Properties of Full Section 
Y2 
ry1 J Cw ro x-f-x 2 , 2 
Y2 
1y2 ry2 j 
in. in.4 in.6 in. in.4 in. in. 
1.749 0.00678 0.0907 2.46 0.812 0.853 3.08 
1.758 0.00323 0.0791 2.49 0.657 0.864 3.10 
1.763 0.00205 0.0717 2.50 0.574 0.870 3.11 
1.767 0.00119 0.0631 2.52 0.488 0.875 3.12 
1.772 0.000615 0.0533 2.53 0.397 0.881 3.13 
1.338 0.00514 0.0479 1.89 0.359 0.652 2.34 
1.346 0.00246 0.0420 1.92 0.294 0.663 2.36 
1.351 0.00156 0.0382 1.93 0.258 0.668 2.37 
1.355 0.000912 0.0337 1.95 0.221 0.674 2.38 
1.359 0.000471 0.0286 1.96 0.181 0.679 2.39 
1.131 0.00432 0.0318 1.60 0.216 0.552 1.97 
1.139 0.00207 0.0281 1.63 0.179 0.562 1.98 
1.144 0.00132 0.0256 1.65 0.158 0.568 1.99 
1.148 0.000771 0.0226 1.66 0.135 0.573 2.00 
1.152 0.000399 0.0192 1.68 0.111 0.579 2.01 
0.924 0.00350 0.0192 1.32 0.118 0.452 1.58 
0.932 0.00169 0.0171 1.35 0.0984 0.463 1.60 
0.936 0.00108 0.0156 1.37 0.0874 0.468 1.61 
0.940 0.000631 0.0139 1.38 0.0754 0.473 1.62 







































































Gross Section Properties 
Equal Leg Angles Without Lips 
Size t R Area wtIft Axis x-x and Axis y-y 
10 0 B Ix Sx r x=y 
in. in. in. in. in.2 Ib in.4 in.3 in. in. 
4LU4x135 4.000 4.000 0.135 0.1875 1.047 3.56 1.695 0.577 1.272 1.065 
4LU4x105 4.000 4.000 0.105 0.1875 0.818 2.78 1.334 0.453 1.277 1.053 
4LU4x090 4.000 4.000 0.090 0.1875 0.703 2.39 1.150 0.390 1.279 1.047 
4lU4x075 4.000 4.000 0.075 0.1875 0.587 2.00 0.964 0.326 1.282 1.041 
4LU4x060 4.000 4.000 0.060 0.1875 0.471 1.60 0.776 0.262 1.284 1.035 
3lU3x135 3.000 3.000 0.135 0.1875 0.777 2.64 0.700 0.321 0.949 0.815 
3LU3x105 3.000 3.000 0.105 0.1875 0.608 2.07 0.554 0.252 0.954 0.803 
3lU3x090 3.000 3.000 0.090 0.1875 0.523 1.78 0.478 0.217 0.956 0.797 
3lU3x075 3.000 3.000 0.075 0.1875 0.437 1.49 0.402 0.182 0.959 0.791 
3lU3x060 3.000 3.000 0.060 0.1875 0.351 1.19 0.324 0.146 0.961 0.785 
-2.5LU2.5x135 2.500 2.500 0.135 0.1875 0.642 2.18 0.399 0.220 0.788 0.691 
2.5lU2.5x105 2.500 2.500 0.105 0.1875 0.503 1.71 0.316 0.174 0.793 0.678 
2.5LU2.5x09O 2.500 2.500 0.090 0.1875 0.433 1.47 0.274 0.150 0.795 0.672 
2.5lU2.5x075 2.500 2.500 0.075 0.1875 0.362 1.23 0.230 0.126 0.797 0.666 
2.5LU2.5x06O 2.500 2.500 0.060 0.1875 0.291 0.989 0.186 0.101 0.800 0.660 
2LU2x135 2.000 2.000 0.135 0.1875 0.507 1.72 0.199 0.139 0.626 0.566 
2LU2x105 2.000 2.000 0.105 0.1875 0.398 1.35 0.159 0.110 0.631 0.554 
2LU2x090 2.000 2.000 0.090 0.1875 0.343 1.17 0.138 0.0947 0.633 0.548 
2LU2x075 2.000 2.000 0.075 0.1875 0.287 0.976 0.116 0.0796 0.636 0.541 
2l..U2x06O 2.000 2.000 0.060 0.1875 0.231 0.785 0.0940 0.0642 0.638 0.535 
:t: 
---+, x r+-
xJllmm.-u x ~~ y I ~RB~ ~~ I 
Y1 Y 
Properties of Full Section 
ryl J Cw ro 
1y2 
in. in.4 in.6 in. in.4 
1.659 0.00636 0.000 2.29 0.653 
1.655 0.00301 0.000 2.29 0.515 
1.653 0.00190 0.000 2.30 0.445 
1.651 0.00110 0.000 2.30 0.374 
1.649 0.000565 0.000 2.31 0.301 
1.251 0.00472 0.000 1.71 0.266 
1.247 0.00224 0.000 1.72 0.211 
1.245 0.00141 0.000 1.72 0.183 
1.243 0.000820 0.000 1.72 0.154 
1.241 0.000421 0.000 1.73 0.124 
1.048 0.00390 0.000 1.42 0.149 
1.043 0.00185 0.000 1.43 0.119 
1.041 0.00117 0.000 1.43 0.103 
1.039 0.000679 0.000 1.44 0.0871 
1.037 0.000349 0.000 1.44 0.0705 
0.844 0.00308 0.000 1.13 0.0731 
0.840 0.00146 0.000 1.14 0.0586 
0.837 0.000926 0.000 1.14 0.0511 
0.835 0.000538 0.000 1.15 0.0432 
0.833 0.000277 0.000 1.15 0.0351 
Y2 
x.-<--x I 2 
"2 
ry2 j xo 
in. in. in. 
0.790 2.87 -1.411 
0.794 2.87 -1.415 
0.796 2.88 -1.417 
0.798 2.88 -1.419 
0.800 2.88 -1.421 
0.585 2.16 -1.058 
0.589 2.17 -1.062 
0.591 2.17 -1.064 
0.593 2.17 -1.066 
0.595 2.18 -1.068 
0.482 1.81 -0.881 
0.486 1.82 -0.885 
0.488 1.82 -0.887 
0.491 1.82 -0.889 
0.493 1.82 -0.891 
0.380 1.46 -0.705 
0.384 1.47 -0.709 
0.386 1.47 -0.711 
0.388 1.47 -0.713 





















































Gross Section Properties 
Hat Sections Without Lips 
Dimensions 
Axis x-x 
10 D B t d R Area wtIft Ix Sx 
In. In. in. in. in. in.2 Ib in.4. in.3 
1OHU5X075 10.000 5.000 0.075 1.050 0.1875 1.981 6.74 10.95 3.151 
SHU12x135 8.000 12.000 0.135 1.670 0.1875 4.099 13.9 111.2 14.75 
SHU12x105 8.000 12.000 0.105 1.340 0.1875 3.134 10.7 83.63 11.56 
SHU8x105 8.000 8.000 0.105 1.340 0.1875 2.714 9.23 35.20 6.725 
8HU8x075 8.000 8.000 0.075 0.980 0.1875 1.896 6.44 24.11 4.916 
8HU4x075 8.000 4.000 0.075 0.980 0.1875 1.596 5.42 5.69 1.960 
8HU4x06O 8.000 4.000 0.060 0.840 0.1875 1.264 4.30 4.47 1.608 
6HU9x135 6.000 9.000 0.135 1.670 0.1875 3.154 10.7 49.73 8.241 
6HU9x1 OS 6.000 9.000 0.105 1.340 0.1875 2.399 8.16 36.84 6.423 
6HU6x105 6.000 6.000 0.105 1.340 0.1875 2.084 7.09 15.70 3.706 
6HU6x075 6.000 6.000 0.075 0.915 0.1875 1.436 4.88 10.38 2.702 
6HU3x075 6.000 3.000 0.075 0.915 0.1875 1.211 4.12 2.48 1.060 
6HU3x060 6.000 3.000 0.060 0.760 0.1875 0.954 3.24 1.92 0.872 
8HU3x048 6.000 3.000 0.048 0.660 0.1875 0.757 2.57 1.51 0.714 
4HU6x135 4.000 6.000 0.135 1.670 0.1875 2.209 7.51 16.86 3.718 
4HU6x105 4.000 6.000 0.105 1.340 0.1875 1.664 5.66 12.05 2.845 
4HU4x105 4.000 4.000 0.105 1.340 0.1875 1.454 4.94 5.31 1.641 
4HU4x075 4.000 4.000 0.075 0.915 0.1875 0.986 3.35 3.30 1.162 
4HU2x075 4.000 2.000 0.075 0.915 0.1875 0.836 2.84 0.830 0.451 
4HU2x060 4.000 2.000 0.060 0.750 0.1875 0.653 2.22 0.617 0.365 
4HU2x048 4.000 2.000 0.048 0.618 0.1875 0.513 1.74 0.469 0.299 
3HU4.5x135 3.000 4.500 0.135 1.670 0.1875 1.736 5.90 8.284 2.189 
3HU4.5x105 3.000 4.500 0.105 1.340 0.1875 1.297 4.41 5.690 1.633 
3HU3x105 3.000 3.000 0.105 1.340 0.1875 1.139 3.87 2.615 0.956 
3HU3x075 3.000 3.000 0.075 0.915 0.1875 0.761 2.59 1.517 0.648 




























* r= ~ ~1 ~hear Center 
J~-f----M--+-~~--- y 
\+-d~ x I:d~ 
Properties of Full Section 
Axis y-y 
Sv rv i m J Cw j ra 
in.3 in. in. in. in.4 in.6 in. in. 
4.282 3.462 4.455 4.802 0.00371 98.4 9.70 10.12 
7.091 2.977 2.878 3.627 0.0249 762 9.06 8.80 
5.129 2.926 2.767 3.591 0.0115 597 8.93 8.66 
4.834 2.928 3.188 3.737 0.0100 222 8.17 8.29 
3.156 2.870 3.053 3.713 0.00355 161 8.05 8.14 
2.824 2.784 3.620 3.812 0.00299 31.9 7.77 8.12 
2.178 2.765 3.563 3.842 0.00152 25.8 7.76 8.10 
4.430 2.283 2.290 2.730 0.0192 177 6.97 6.75 
3.163 2.243 2.185 2.728 0.00882 140 6.85 6.63 
2.983 2.236 2.507 2.n9 0.00766 51.6 6.21 6.32 
1.865 2.176 2.355 2.799 0.00269 37.7 6.11 6.18 
1.669 2.105 2.785 2.793 0.00227 7.55 5.81 6.10 
1.266 2.085 2.724 2.851 0.00115 6.04 5.83 6.09 
0.979 2.072 2.683 2.876 0.000581 4.88 5.83 6.08 
2.344 1.567 1.686 1.744 0.0134 22.6 4.81 4.63 
1.644 1.543 1.592 1.804 0.00612 17.9 4.74 4.56 
1.551 1.527 1.814 1.728 0.00534 6.89 4.17 4.26 
0.937 1.486 1.676 1.848 0.00185 4.83 4.15 4.21 
0.839 1.427 1.970 1.653 0.00157 1.15 3.74 3.99 
0.623 1.413 1.910 1.784 0.000784 0.830 3.83 4.04 
0.468 1.398 1.859 1.859 0.000394 0.640 3.88 4.06 
1.516 1.192 1.371 1.182 0.0105 5.66 3.69 3.52 
1.053 1.179 1.287 1.288 0.00477 4.20 3.64 3.48 
0.992 1.159 1.457 1.128 0.00419 1.89 3.08 3.17 
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2.4 Steel Deck 
Steel decks are at times used for architectural application; however, they are funda-
mentally structural products. As such, the structural capabilities (strength and stiffness) 
are determined using the Specification, which also provides base steel specifications. The 
usual deck products are roof deck, form deck and composite floor deck. In addition to 
supporting gravity and wind uplift loads, steel deck profiles can also serve to resist in-
plane loading i.e. diaphragm loads. The most common types of steel deck are discussed in 
Section 2.4.1. 
One of the important items to consider for all deck products is the required service 
life and the environment in which the deck product must exist. For instance, if a roof deck 
is to have insulation board applied with fasteners that penetrate the deck then thought 
should be gi ven to corrosion of the fasteners and the deck. The same reasoning applies to 
form deck and floor deck in humid areas or areas subject to water application. Insurance 
requirements and fire ratings can also affect the finish selection. 
2.4.1 Deck Profiles 
Figure 2.4-1 shows cross sections of industry standard steel deck profiles. These 
profiles are merely representative of what is available. Consult the literature of manufac-
turers to obtain further information about these and other available deck profiles. 
The different profiles lend themselves to different uses: 
(a) Form Deck: Form deck is commonly used to span between floor joists to serve as 
form work for cast in place concrete floor systems. The 9/16 inch deep profile shown 
is the shallowest available. Deeper profiles are available for longer spans and heavi-
er loads. Flutes may be trapezoidal as shown or sinusoidal. 
(b) Narrow Rib Deck (NR): Narrow rib deck is used as roof decking in climatic areas 
where minimal roof insulation is required. The narrow rib provides a small span that 
thin rigid insulation can bridge. Narrow rib deck is the least efficient structurally but 
has the advantage of easy attachment of roofing materials since a high percentage of 
the material is in the roof plane. 
(c) Intermediate Rib Deck (IR): Intermediate rib deck is used as roof decking. It is 
somewhat more efficient structurally than narrow rib deck, but requires thicker in-
sulation to span the wider flute. 
(d) Wide Rib Deck (WR): Wide db deck is used as roof deck in very hot or cold cli-
mates, where the thick insulation used can span the wide flutes. It is the most struc-
turally efficient cross section of the roof deck profiles. 
(e) Deep Rib Deck (3DR): Deep rib deck is used where long spans between joists or 
purlins occur and/or the deck spans are subject to larger loads. 
In addition to these industry standard profiles, manufacturers produce proprietary 
steel deck profiles that provide special functional enhancements, such as acoustical ab-
sorption capability and cellular raceway features. 
The thickness of steel deck is commonly designated by gage. The equivalent de-
sign thicknesses given below are the minimum allowed at each designated" gage by the 
Steel Deck Institute (SOl). Actual material thicknesses provided by manufacturers will 
vary. 
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13116-11 
7/8-~ 
(a) 9/16" Form Deck (Representative) 
I.. Ribs Approx. 6" c. to c. ~I 
Max 1"-+\ 1 r- 1 W 'Jj_---1II~1-1/2- Min 
----+\1 I+- 318- Min I 
(b) Narrow Rib Deck Type NR 
I. Ribs Approx. 6" c. to c. ~I 
Max 1-3/4·-1 1 ~ 1 \::/ \::/ I \JJ \jj __ ........ '--1-112· Min 
---+I I 14- 1/2- Min I 
(C) Intermediate Rib Deck Type IR 
I. Ribs Approx. 6" c. to c .• 1 
Max 2-1/2·-1 1 r-- 1 
\ I I \ 1 I 1 1 I I 
-.j I ~1-314-Min I 
(d) Wide Rib Deck Type WR 
14---- Ribs 8" c. to c. -----... 
(e) Deep Rib Deck Type 3DR 
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2.4.2 Maximum Spans 
Recommended Maximum Spans for Construction and Maintenance Loads 
Maximum Recommended Spans 
* 
Span Spa., Type Condition ft-in. 
Narrow NR22 1 3'-10" 
Rib Deck NR22 2 or more 4'-9" 
NR20 1 4'-10" 
NR20 2 or more 5'-11 " 
NR18 1 5'-11 " 
NR18 2 or more 6'-11 " 
Intermediate IR22 1 4'-6" 
Rib Deck IR22 2 or more 5'-6" 
IR20 1 5'-3" 
IR20 2 or more 6'-3" 
IR18 1 6'-2" 
IR18 2 or more 7'-4" 
Wide Rib WR22 1 5'-6" 
Deck WR22 2 or more 6'-6" 
WR20 1 6'-3" 
WR20 2 or more 7'-5" 
WR18 1 7'-6" 
WR18 2 or more 8'-10" 
Deep Rib 3DR22 1 11 '-0" 
Deck 3DR22 2 or more 13'-0" 
3DR20 1 12'-6" 
3DR20 2 or more 14'-8" 
3DR18 1 15'-0" 
3DR18 2 or more 17'-8" 
* Deck section properties are provided in Section 2.4.3 
Construction and maintenance loads 














Spans are governed by a maximum stress of 26 ksi and a maximum deflection of 
U240 with a 200-pound concentrated load at midspan on a 12 in. wide section of 
deck. 
If the designer contemplates loads of greater magnitude, spans shall be decreased 
or the thickness of the steel deck increased as required. 
All loads shall be distributed by appropriate means to prevent damage to the com-
pleted assembly during construction. 
Cantilever loads 
Construction phase load of 10 psf on adjacent span and cantilever plus 200 pound 
load at end of cantilever with a stress limit of 26.67 ksi. 
Service load of 45 psf on adjacent span and cantilever plus 100 pound load at end of 
cantilever with a stress limit of 20 ksi. 
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Deflection limited to 11240 of adjacent span for interior span and deflection at end 
of cantilever to 1/120 of overhang. 
Notes: 
t. Adjacent span: Limited to those spans shown in Section 3.4 of the SOl Roof 
Deck Specifications. In those instances where the adjacent span is less than 3 
times the cantilever span, the individual manufacturer should be consulted for the 
appropriate cantilever span. 
2.4.3 Section Properties 
The Steel Deck Institute (SDI) used the most conservative combinations of the di-
mensions for each roof deck profile shown in Figure 2.4- t (with the exception of the form 
deck) to calculate the section properties listed in the table below. The values are therefore 
not representative of anyone manufacturer but represent the lowest value that might oc-
cur. As a result, load tables based on these properties are conservative. Form deck pro-
files vary greatly and their profiles are not established by SOL The form deck profile 
shown is an actual manufacturer's product. These properties can be considered as repre-
sentative, but actual properties may be higher or lower. 
In the tables below, the I and St values given are for compression on the top; The Sb 
values given are for compression on the bottom. The weight if provided for dead load 
calculations; it should not be used as a basis for ordering. The values given are based on 
steel with a yield strength of 33 ksi, with the exception of the form deck values, which are 
based on 80 ksi. 
Steel Deck - Section Properties 
Design Weight 
I St Common Thickness Ib/ft2 
Type Designation in. Painted Galvanized in. 41ft in. 31ft 
9/16" 28 gage 0.0149 0.8 0.9 0.012 0.036 
Form 26 gage 0.0179 0.9 1.0 0.015 0.046 
Deck 24 gage 0.0239 1.2 1.3 0.020 0.065 
22 gage 0.0295 1.5 1.6 0.025 0.080 
1-1/2" NR22 0.0295 1.7 1.8 0.099 0.089 
Narrow NR20 0.0358 2.0 2.1 0.128 0.111 
Rib Deck NR18 0.0474 2.7 2.8 0.181 0.152 
1-1/2" IR22 0.0295 1.6 1.7 0.108 0.102 
Intermediate IR20 0.0358 1.9 2.0 0.139 0.127 
Rib Deck IR18 0.0474 2.6 2.7 0.196 0.173 
1-1/2" WR22 0.0295 1.7 1.8 0.152 0.182 
Wide Rib WR20 0.0358 2.0 2.1 0.198 0.226 
Deck WR18 0.0474 2.7 2.8 0.284 0.307 
3" 3DR22 0.0295 1.9 2.0 0.551 0.321 
Deep Rib 3DR20 0.0358 2.3 2.4 0.714 0.400 
Deck 3DR18 0.0474 3.1 3.2 1.036 0.550 
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SECTION 3 - CALCULATION OF SECTION PROPERTIES 
3.1 Linear Method For Computing Properties Of Formed Sections 
Computation of properties of formed sections may be simplified by using a so-
called linear method, in which the material of the section is considered concentrated 
along the centerline of the steel sheet and the area elements replaced by straight or curved 
"line elements." The thickness dimension, t, is introduced after the linear computations 
have been completed. 
The total area of the section is found from the relation: Area =L x t, where L is the 
total length of all line elements. 
The moment of inertia of the section, I, is found from the relation: 1=I'x t, where I' is 
the moment of inertia of the centerline of the steel sheet. The section modulus is com-
puted as usual by dividing I or I' x t by the distance from the neutral axis to the extreme 
fiber, not to the centerline of the extreme element. 
First power dimensions, such as x, y, and r (radius of gyration) are obtained directly 
by the linear method and do not involve the thickness dimension. 
When the flat width, w, of a stiffened compression element is reduced for design 
purposes, the effective design width, b, is used directly to compute the total effective 
length Leff of the line elements. 
The elements into which most sections may be divided for application of the linear 
method consist of straight lines and circular arcs. For convenient reference, the moments 
of inertia and location of centroid of such elements are identified in the sketches and equa-
tions in Section 3.2. 
The equations for line elements are exact, since the line as such has no thickness 
dimension; but in computing the properties of an actual section, where the line element 
represents an actual element with a thickness dimension, the results will be approximate 
for the following reasons: 
(1) The moment of inertia of a straight actual element about its longitudinal axis is con-
sidered negligible. 
(2) The moment of inertia of a straight actual element inclined to the axes of reference is 
slightly larger than that of the corresponding line element, but for elements of like 
length the error involved is even less than the error involved in neglecting the mo-
ment of inertia of the element about its longitudinal axis. Obviously, the error disap-
pears when the element is normal to the axis. 
(3) Small errors are involved in using the properties of a linear arc to find those of an 
actual comer, but with the usual small comer radii the error in the location of the cen-
troid of the comer is of little importance, and the moment of inertia generally negli-
gible. When the mean radius of a circular element is over four times its thickness, as 
for tubular sections and for sheets with circular corrugations, the errors in using lin-
ear arc properties practically disappear. 
U sing the computed values of lx, Iy, and Ixy the moment of inertia about principal 
axes of the section can be calculated by the following equation: 
Ix + Iy 




-2- + Ixy 
where Ix and Iy are the moment of inertia of the section about x- and y-axis, respec-
tively and Ixy is the product of inertia. 
The angle between the x-axis and the minor principal axis is 
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8 = l! + 1 tan -l[ 21xy ] (in radians) 
2 2 Iy - Ix 
3.2 Properties of Line Elements 
3.2.1 Straight Line Elements 
Moments of inertia of straight line elements can be calculated using the equations 
given below: 
I = la2 + E- = l(a2 + E:) 3 12 12 
2 




I = [cos2 8]/3 = In2 
1 12 12 
~-------+----~----3 
I = [sin2 9]/3 = 1m2 
2 12 12 
I - [sin 9 cos 9]/3 = Imn 
12 - 12 12 
I - la2 + In 2 = l(a2 + n2) 
3 - 12 12 
2 
3.2.2 Circular Line Elements 
Moments of inertia of circular line elements can be calculated using the equations 
given below: 
R = inside radius 
r = median radius 
8 (expraseci in radians) = 0.01745 8 
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= fs~ (expressed in degrees and decimals thereof) 
Case I: 91 = 0; 92 = 90° 
1= m/2 = 1.57r 
c = 0.637 r 
I} = 12 = 0.149 r3 
112 = -0.137 r3 
13 = 4 = 0.785 r3 
134 = 0.5 r3 
Case II: 91 = 0; 92 = 9 
l = 9r 
C - rsine l--e-
r{l-cos e) 
C2 = e 
I - [sin2e Sine(COSe-l)] 3 12 - -2- + e r 
I = [e-sinecose (1-cose)2] 3 2 2 e r 
4 2 
4 2 
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I = [8 + Sin8coS8Jr3 
3 2 ' 
3.3 Properties of Sections 
Section properties of some sections can be calculated using the equations given be-
low. The following are to be noted: 
(1) Three different types of dimensions are used: capital letters (A) for outside di-
mensions, lower case barred letters (a) for centerline dimensions, lower case let-
ters (a) for flat dimensions. The flat dimensions are required to obtain properties 
such as I where comers are assumed to be round. The centerline dimensions are 
needed for torsional properties such as Cw where comers are assumed to be 
square. The outside dimensions are shown because they are the dimensions usu-
ally given in tables. 
(2) All expressions consider the sections to contain round comers with the exception 
of those for some torsional properties (m,j and Cw). These expressions are based 
on a square comer approximation with the exception that round comer values are 
used for quantities such as area and moment of inertia which appear in the tor-
sional property expressions. However, allowable stresses calculated by this pro-
cedure are sufficiently accurate for routine engineering design of sections with 
small ratios of comer radius to thickness. 
(3) In the moment of inertia calculations, all quantities are accounted for except the 
moment of inertia of a flat element about its own axis when this is the weak axis. 
Moments of inertia of comers about their own axis are included to provide for the 
case of sections with large comer radii. 
(4) All expressions are given for the full, unreduced sections. 
3.3.1. Equal Leg Angles (Singly-Symmetric) With and Without Lips 
1. Basic parameters 
a =A' - [r + tl2 + a(r + tl2)]* 
a = A' - [tl2 + atl2] 
c =a[C' - (r + tl2)] 
c =a[C' - tl2] 
u =1tr/2 = 1.57r 
2. Cross-Sectional area 
A =t[2a + u + a(2c + 2u)] 
3. Distance between centroid and centerlines of webs 
x=y= l {a(~ + r) + u(O.363r) + aHa + ~ + 3r) + u(a + 2r)]} 
(Add tJ2 for distance to outside of webs) 
• For sections with lips, a = 1.0; for sections without lips, a = 0 
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C.G. = Centroid 
S.C. = Shear Center 
Equal Angle (Singly Symmetric) With Lips 
4. Moment of inertia about x and y axes 
a(~ + rf + ~~ + u(0.363d + 0.149r3 
Figure 3.3.1-2 
Equal Angle (Singly Symmetric) 
Without Lips 
Ix =Iy = t + a[c(a + 2r)2 + f~ + c(~ + r)2 + u(a + 1.637d] 
+ u(0.363r)2 + (2)(0. 149)r3 
5. Product of inertia about x and y axes 
{ 
- 0.137r3 + u(0.363r)2 } 
I - t [ (c) 3 ] - AX:y xy - + 2a c(a + 2r) "2 + r + 0.137r + u(a + 1.637r)(0.363r) 
6. Moment of inertia about Y2-axis 
IY2 =Ix + Ixy 
7. Distance between shear center and centerline of square corner 
ac2 Ii (3a - 2C) 
m 
2 [ 2li 3 _ (li _ c) 3 ] 
8. St. Venant torsion constant 
J =~[2a + u + a(2c + 2u)] 





c3t (4a + 3C) 
6 [La3 - (li - c:l] 
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10. Distance from centroid to shear center* 
Xo = - (x j2 + m) 
11. Parameter used to determine elastic critical moment 
j = fi t (ii4 + 4ii3c _ 6ii2"c2 + c4) - Xo 
48Iy2 












Channel (Singly Symmetric) With Lips Channel (Singly Symmetric) Without Lips 
xo ! r f 
m x ~ c C' 
-.. 




~§:.~ ,---4G.G. ----. x A' 
~ 
entroid C.G.=C 
S.C. =S hear Center 
1. Basic parameters 







b = B' - [r + tl2 + a( r + tl2)] * * 
b =B' - (tl2 + atl2) 
c =a[C' - (r + tl2)] 
Hat Secti 
* Negative sign indicates Xo is measured in negative x direction 
** For sections with lips, a = 1.0; for sections without lips, n = 0 
Figure 3.3.2-3 
on (Singly Symmetric) 
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-
c =a(C' - tl2) 
u =1tr/2 = 1.57r 
2. Cross-sectional area 
A = t[ a + 2b + 2u + a(2c + 2u)] 
3. Moment of inertia about x-axis 
Channel: 
Ix =2t{0.0417a3 + b(a/2 + r)2 + u(aJ2 + 0.637r)2 + 0.149r3 
+ a[0.OS33c3 + £(a - c)2 + u(aJ2 + 0.637r)2 + 0.149r3]} 
4 
Hat Section: 
Ix =2t{ 0.0417a3 + b(a/2 + r)2 + u(aJ2 + 0.637r)2 + 0.149r3 
+a[0.OS33c3 + ~(a + c + 4r)2 + u(a/2 + 1.363r)2 + 0.149r3]} 
4. Distance between centroid and web centerline 
x = ~ {b(b/2 + r) + u(0.363r) + a[u(b + 1.637r) + c(b + 2r)]} 
5. Moment of inertia about y-axis 
Iy =2t{b(b/2 + r)2 + 0.OS33b3 + 0.356r3 + a[c(b + 2r)2 + u(b + 1.637r)2 
+ 0.149r3]} - AX2 
6. Distance between shear center and web centerline 
a) Channel: 
c) Hat Section: 
m=b-----~.:..-----=-------:-_[ 3a
2i) + ac( 6a2 - Sc2) ] 
a 3 + 6a2fi + ac(Sc2 + 12ac + 6a2) 
7. Distance between centroid and shear center 
xo =-(x + m)* 
S. St. Venant torsion constant 
J = ~ [a + 2b + 2u + a(2c + 2u)] 
9. Warping constant 
a) Channel: 
6a2b + (a + ale)3 - a24ac2 
* Negative sign indicates Xo is measured in negative x direction . -
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b) Hat section: 
2a:3t) + 3a4)2 + a[4Sc4 + 112bc3 + Sac3- 4Sabc2] 
2 -12a2c2 + 12a:2fic + 6a3c 
-21) C -~ w- 12 6a4) + (a + a2c) 3. 
10. Parameter ~w 
[ua
3 
] ~w= - 12 + tx3a 
11. Parameter ~f 
~f = ~[(b - X)4 - X'] + ~2[(b - X)2 - x2] 
12. Parameter Pl 
a) Channel: ~l = a{ 2Ct(b - x)3 + ~ t(b - x) [(il2)3 - (312 - c)3]} 
b) Hat section: ~l = 2ct(b - x)3 + ~ t(b - x) [(il2 + c)3 - (il2)3] 
13. Parameter used in determination of elastic critical moment 
j = 2~ (~w + ~f + ~l) - xo 
y 
3.3.3 l-sectlons With Unequal Flanges (Slngly-Symmetrlc) and T-8ec-
tlons (Singly-Symmetric) 
1. Basic parameters 
a =A' - [r + t12 + a(r + t12)] * 
a =A'- (tJ2 + at12) 
b=B'- (r + t12) 
b=B'- t12 
c =a[C' - (r + t12)] 
c =a(C' - tJ2) 
u =m/2 = 1.57r 
2. Cross-sectional area 
A =t[2a + 2b + 2u + a(2c + 2u)] 
3. Moment of inertia about x-axis 
Ix =2t{b(b/2 + r + tJ2)2 + O.0833b3 + u(O.363r + t12)2 + O.149r3 
+ a[c(c/2 + r + tl2)2 + O.0833b3 + u(0.363r + t12)2 + O.149r3]} 
4. Distance between centroid and longer flange centerline 
i = ~ {uO.363r + a{a/2 + r) + a[u(a + 1.637r) + c(a + 2r)]} 
5. Moment of inertia about y-axis 
Iy =2t{O.358r3 + a(a/2 + r)2 + O.0833a3 + a[u(a + 1.637r)2 
+ O.149r3 + c(a + 2r)2]} - Ai?-
• For I-SectioDS, a = 1.0; for T -Sections, a = 0 
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I-Section W1th Unequal Flanges (Singly SymmetriC) 
C.G. = Centroid 




T-Sectlon (Singly Symmetric) 
6. Distance between shear center and longer flange centerline 
7. Distance between shear center and centroid 
Xo =-(x-m)* 
8. St. Venant torsion constant 
J = 2~3 [a + b + u + a(u + c)] 
9. Warping constant 
For I-Sections the value of Cw is twice the value of each channel if fastened at 
the middle of the webs; however, if the two channels are, cont~n~ously welded 
at both edges of the web to form the I-Section, the warping constants are as 
• Negative sign indicates Xo is measured in negatift x direCtion. ' , 
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follows: 
Un lipped I-Sections and T -Sections: 
_ ta:2 ( 81)3c3 ) Cw--12 1)3 + c3 
For double symmetric, lipped I-Sections: 
C =length of lip, see Figure 3.3.3-1 
-2 
Cw= t~ (i2b + 3a2c + 6a c2 + 4C3) 
10. Parameter used in determination of elastic critical moment 
j =_t [- 2xb(x2 + j)2 /3) + 2c{li - X)[ (it - x)2 + c2 /3 ]]_ x 
2Iy + ![fa _ X)4 _ x4] 0 


















jI':i' I ~~X2 
I / 
I / 











Z-Sectlon (Point Symmetric) WIthout Lip. Figure 3.3.4-1 Z-Section (Point Symmetric) With Lip. 
1. Basic Parameters 
a =A'- (2r + t) 
a =A'- t 
b =B' - [r + ti2 + a(r + ti2)tan (y/2)]* 
I) =B' - [tl2 + (atl2)tan (112)] 
c =a[C' - (r + tl2)tan (1/2)] 
c =a[C' - (tl2)tan (yl2)] 
u 1 =1Cr12 = 1.57r 
U2 =yr where y is in radians 
--------------------------- _._----_. - --.. ----. . 
• For sections with lips, a = 1.0; for sections without lips, a = 0 
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2. Cross-sectional area 
A =t[a + 2b + 2U1 + a(2c + 2U2)] 
3. Moment of inertia about x-axis 
0.0417a3 + b(a/2 + r)2 + uJ(a/2 + O.637r)2 + O.l49r3 
[(
y + sinycosy _ sin2y) 3 + (/2 + rSin y)2 + a 2 y r u2 a y 
Ix =2t 
+ c
3 SI~2y + c(a/2 + rcosy - ~siny f] 
4. Moment of inertia about y-axis 
( )
2 c3 cos2y 
C b + ~ 1 + sin y) + ~ cos y + 12 
Iy = 2t b{b/2 + r)2 + ~~ + 0.356r3 + a + U2( b + r + r{l - yCOS y) r 
[
y - sinycosy (1 - cosy)2] 3 
+ 2 - Y r 
5. Product of inertia (See note below) 
c( b + r{1 + siny) + ~COSy)( a/2 + rcosy - ~Siny) 
(
sin2y siny(cosy - 1)) 3 c3 sinycosy 
+ -2- + Y r - 12 
(b 
r(l - cos Y))( /2 rSin y) + u2 + r + y a + -y-
Ixy =2t [b(a/2 + r)(b/2 + r)] + a 
+ O.5r3 + 0.285ar2 
6. Angle between x-axis and minor principal axis, in radians (See note below) 
9 = I + 0.5 arctan (Iy2: Ylx) 
7. Moment of inertia about X2 axis (See note below) 
Ix2 = Ix cos2e + Iysin2e - 2Ixysine cosS 
8. Moment of inertia about Y2 axis (See note below) 
Iy2 = Ixsin29 + IyCos29 + 2IxysinS cosS 
Note: The algebraic signs in Equations 5, 6, 7 and 8 are correct for the cross-sec-
tion oriented with respect to the coordinate axes as shown in Figure 3.3.4-1 
and Figure 3.3.4-2. 
9. Radius of gyration about any axis 
r=JI/A 
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10. Minimum radius of gyration, about X2 axis 
rmin = jIx2/ A 
11. St. Venant torsion constant 
J = ~ [a + 2b + 2Ul + a(2c + 2U2)] 
12. Warping constant 
Cw =...1... 12 
2L3 -a b (2a + b) + a 
l)2(4c4 + 16&3 + 6a3c + 4a4)c + Sac3) 
+ 6abc2(a + 6)(21) sin y + a cos y) 
+ 4abc3( 2a + 41) + c) sin y cos y 
+ e3 (2a3 + 4a2ti - 81ib2 + a2e - 16b3 - 4b2e) cos2 y 
a + 2(b + ac) 
3.4 Gross Section Properties - Example Problems 
The following example problems are intended to illustrate the use of the gross section 
property equations presented in this Section of the Design Manual. These should be used in 
conjunction with the other parts of the Design Manual. 
As a general rule, section properties are computed to three significant figures, unless 
they are used in subsequent calculations, in which case the properties are generally calcu-
lated to four significant figures to preserve precision. Dimensions are generally given to the 
nearest one thousandth of an inch. In some cases it was impractical to adhere strictly to these 
guidelines. Slight discrepancies should be expected between the calculated section proper-
ties computed in the examples and those given in the tables in Parts I, II and III of this manual 
which were calculated by computer. 
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Example 1-1: c-sectlon With Ups - Gross Section Properties 
At. 9.0 in. 
Given: 





1. Axial and flexural properties of the gross cross-section. 
2. Torsional properties of the cross-section. 
Solution: 
1. CalcuJadoD 01 tbe flexural properties of the ..". croa secdoD. 
a. Basic Parameters: 
A' = 9.000 in. 
B' = 3.000 in. 
C' = 0.500 in. 
a = 1.0 
r = R + tl2 
= 0.250 + 0.060/2 = 0.280 in. 
a = A'-(2r + t) 
= 9.000 - [(2)(0.280) + 0.060] = 8.380 in. 
a = A'- t 
= 9.000 - 0.06() = 8.940 in. 
b = B'- [r + tl2 + a(r + 112)] 
= 3.000 - [0.280 + 0.06012 + 1.0(0.280 + 0.06012)] .2.380 in. 
Ii = B' - [til + at/2] 
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b = 3.000 - [0.060/2 + (1.0)(0.060/2)] = 2.940 in. 
c = a[C'- (r + tl2)] 
= 1.0[0.500 - (0.280 + 0.0601 2)] = 0.190 in. 
-c = a[C'- (tl2)] 
= 1.0[0.500 - (0.060/2)] = 0.470 in. 
u = 1tr/2 
= 1t(0.280)/2 = 0.440 in. 
b. Cross-sectional area 
A = t[a + 2b + 2u + a(2c + 2u)] 
= 0.060[8.380 + (2)(2.380) + (2)(0.440) + 1.0{ (2)(0.190) + (2)(0.440) } ] 
= 0.917 in.2 
c. Moment of inertia about the x-axis 
0.0417a3 + b{a/2 + r)2 + u{a/2 + 0.637r)2 + O.l49r3 
Ix = 21 + a[ 0.0833c3 + ~(a-c)2 + u(~ + 0.637r f + 0.149r3 ] 
0.0417(8.380)3 + 2.380(8.380/2 + 0.280)2 
= (2)(0.060) 
+ 0.440[8.380/2 + 0.637(0.280)]2 + 0.149(0.280)3 
[
(0.0833)(0.190)3 + O. ~O (8.380-0.190)2 1 
+ 1.0 2 
+ 0.440(8.380/2 + (0.637)(0.280») + (0.149)(0.280)3 
= 0.120{24.54 + 47.55 + 8.396 + 0.0033 + 1.0 [0.0006 + 3.186 + 8.396 + 0.OO33]} 
= 11.05 in.4 
d. Distance between centroid and web centerline 
x = ~ [b(bj2 + r) + u(0.363r) + a[u(b + 1.637r) + c(b + 2r)lj 
(2)(0.060) {2.380(2.380/2 + 0.280) + (0.440)(0.363)(0.280) } 
= 0.917 + 1.0[0.440(2.380 + (1.637)(0.280» + 0.190(2.380 + (2)(0.280))] 
= O.l309{3.499 + 0.0447 + 1.0 [ 1.249 + 0.5586]} 
= 0.700 in. 
e. Moment of inertia about the y-axis 
{
b{b/2 + r)2 + b3/12 + 0.356r3 } 
Iy = 21 + a[ c(b + 2d + u(b + 1.637r)2 + 0.149r3] - AX2 
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2.380(2.380/2 + 0.280)2 + (2.380)3/12 + 0.356(0.280)3 
= (2)(0.060) [0.190<2.380 + (2)(0.280»2 + ] - (0.917)(0.700)2 
+ 1.0 0.440(2.380 + (1.637)(0.280»2+ 0.149(0.280)3 
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Iy = 0.120 {5.143 + 1.123 + 0.0078 + 1.0 [1.642 + 3.545 + 0.0033]} - 0.4493 
= 0.926 in.4 
f. Distance between shear center and web centerline 
m = 
[
(3)(8.940)2(2'940) + (1.0)(0.470)(6)(8.940)2-(8)(0.470)2) 1 
= 2.940 (8.940)3 + (6)(8.940)2(2.940) 
+ (1.0)(0.470)[(8)(0.470)2 - (12)(8.940)(0.470) + (6)(8.940)2] . 
[ 704.9 + 224.6 ] = 2.940 714.5 + 1410 + 202.5 
= 1.174 in. 
g. Distance between centroid and shear center 
Xo = - (i + m) 
= - (0.700 + 1.174) 
= -1.874 in. 
2. Torsional properties of the cross-section 
a. St. Venant torsional constant 
J = ~ [a + 2b + 2u + a (2c + 2u)] 
= 0'0;0
3 [8.380 + (2)(2.380) + (2)(0.440) + 1.0 «2)(0.190) + (2)(0.440»] 
= 0.00110 in.4 
b. Warping constant 
3- 21:"2 [4sct + 112bc3 + 8ac3 + 48abc2] 21tb+ 31tb +a 




w - 12 6a2E + (a + a2c)3 - a24ac2 
(8.940)2(2.940)2(0.060) 
= 12 
(2)(8.940)3(2.940) + (3)(8.940)2(2.940)2 
[
(48)(0.470)4 + (112)(2.940)(0.470)3 + (8)(8.940)(0.470)3] 
+ 1.0 + (48)(8.940)(2.940)(0.470)2 + (12)(8.940)2(0.470)2 
+ (12)(8.940)2(2.940)(0.470) + (6)(8.940)3(0.470) 
(6)(8.940)2(2.940) + (8.940 + (1.0)(2)(0.470»3-(1.0)(24)(8.940)(0.470)2 
Dimensions and Properties for use with the 1996 AISI Cold-Formed Specification 
Cw = 3.4541 
= 15.1 in.6 
4201 + 2072 + 1 0[2.342 + 34.19 + 7.425 + 278.7] 
. + 211.9 + 1325 + 2015 
1410 + 964.4-47.40 
c. Parameter used in determination of elastic critical moment. 
~w = - [~~3 + tx~] 
= _ [(0.060)(0·i~)(8.940)3 + (0.060)(0.700)3(8.940)] 
= -2.685 in.5 
~f =! [(b - x) 4 - x4] + ~2 [(b - x)2 - x2 ] 
= 0.~60 [(2.940 _ 0.7(0)4 _ (0.700)4] + (0·060)i8.940)2 [(2.940 - 0.7(0)2 - 0.7002] 
= 6.176 in.s 
~t = a{2ct(b - x)3 + ~ t(b - x) [(812)3 - (812 - c)3]) 
1-41 
= 1.0{ (2)(0.470)(0.060)(2.940- 0.700)3+ ~0.060)(2.940-0.700)[(8.940/2)3 -(8.94012-0.470)3]} 
= 2.902 in.S 
j = 2~ (~w + ~f + ~ t) - Xo 
y 
= 1 (-2685 + 6.176 + 2.902)-(-1.874) (2)(0.926) . 
= 5.33 in. 
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Example 1-2: C-Section Without Lips - Gross Section Properties 








8 ' = 1.25 in. 
1. Section 5.5CUl.25x057 as shown above. 
Required: 
1. Axial and flexural properties of the gross cross-section. 
2. Torsional properties of the cross-section. 
Solution: 
1. Calculation of the flexural properties of the gross cross-section. 
a. Basic Parameters: 
A' = 5.500 in. 
B' = 1.250 in. 
C' = 0.000 in. 
a = 0.0 
r = R + tJ2 = 0.1875 + 0.057/2 = 0.216 in. 
a = A'-(2r + t) 
= 5.500 - [(2)(0.216) + 0.057] = 5.011 in. 
a = A'- t 
= 5.500 - 0.057 = 5.443 in. 
b = B'- [r + tl2 + a(r + t12)] 
= 1.250 - [0.216 + 0.057/2 + 0.0] = 1.006 in. 
b = B' - [t12 + atl2] 
= 1.250 - [0.05712 + 0.0] = 1.222 in. 
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c = a,[C'- (r + tl2)] = 0.0 in. 
-c = a,[C'- (tl2)] = 0.0 in. 
u = 1tr/2 
= 1t(0.216)/2 = 0.339 in. 
b. Cross-sectional area 
A = t[a + 2b + 2u + a(2c + 2u)] 
= 0.057[5.011 + (2)(1.006) + (2)(0.339) + 0.0] 
= 0.439 in.2 
c. Moment of inertia about the x-axis 
0.0417a3 + b(a/2 + r)2 + u(a/2 + 0.637r)2 + 0.149r3 
Ix = 2t + a[ 0.0833c3 + ~(a-d + u(~ + 0.637rf + 0.1 49r3 ] 
{
0.0417(5.011)3 + 1.006(5.011/2 + 0.216)2 } 
= (2)(0.057) + 0.339[5.011/2 + 0.637(0.216)]2 + 0.149(0.216)3 + 0.0 
= 1.72 in.4 
d. Distance between centroid and web centerline 
x = ~ (b(b/2 + r) + u(0.363r) + a[u(b + 1.637r) + c(b + 2r)lj 
= (2)(0.057) {1.006(1.006/2 + 0.216) + (0.339)(0.363)(0.216) + O.O} 
0.439 
= 0.195 in. 
e. Moment of inertia about the y-axis 
I = 2t ] - AX2 
Y + a[ c(b + 2r)2 + u(b + 1.637d + O.l49r3 
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{
b(b/2 + r)2 + b3/12 + 0.356r3 } 
= (2)(0.057) { 1.006( 1.006/2 + 0.216)2 + (1.006)3/12 + 0.356(0.216)3 + O.O} - (0.439){0.195)2 
= 0.0527 in.4 
f. Distance between shear center and web centerline 
m = 
_[ 3i21) + aC(6i2 - ge2) J 
b a3 + 6a21J + ac(SC2 - 1m + 6'12) 
[ 
(3)(5.443)2(1.222) + 0.0 ] 
= 1.222 (5.443)3 + (6)(5.443)2(1.222) + 0.0 
= 0.351 in. 
g. Distance between centroid aDd shear center 
Xo = -(x+m) ; 
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Xo = - (0.195 + 0.351) 
= - 0.546 in. 
2. Torsional properties of the cross-section 
a. St. Venant torsional constant 
J = ~ [a + 2b + 2u + a (2c + 2u)] 
= (0,Or)3 [5.0ll + (2)(1.006) + (2)(0.339) + 0.0] 
= 0.000475 in.4 
b. Warping constant 
6a2f) + (a + a2C) 3 -a24ac2 
2 2 
{ 
(2)(5.443)3(1.222) + (3)(5.443)2(1.222)2 } 
_ (5.443) (1.222) (0.057) 
- 12 (6)(5.443)2(1.222) + (5.443 + 0.0)3 - 0.0 
= 0.293 in.6 
c. Parameter used in determination of elastic critical moment. 
~w = - [~~3 + tX3a ] 
= _ [(0.057)(0.~;5)(5.44W + (0.057)(0.195)3(5.443)] 
= - 0.1517 in.s 
~f = ! [(b - X)4 - x4] + ~2 [(b - x)2 - x2 ] 
= OJt [(1.222-0.195)4- (0.195)4] + (0.057)~5.443)2 [0.222 - 0.195)2- 0.1952] 
= 0.4609 in.5 
~t = a{2Ct(b - x)3 + ~ t(b - x) [(il2)3 - (il2 - c)3]) 
= 0.0 in.S 
J = 2~ (~w + fif + fit) - Xo 
y 
1 
= (2)(0.0527) (- 0.1517 + 0.4609 + 0.0) - (- 0.546) 
= 3.48 in. 
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Example 1-3: Z-Sectlon With Lips - Gross Section Properties 
y 
• 
I 2.50 In. 
,-------------~~~==~~ 
A'= 8.0 In. 
Given: 
1. Section: 8ZS2.5x060 as shown above 
Required: 
, 
I R = 0.1875 In. 
, X2 
I ~ 
'/ I 0 
t = 0.060 In. 
1. Axial and flexural properties of the gross cross-section. 
2. Torsional properties of the cross-section. 
Solution: 
1. Calculation of the flexural properties of the gross cross-section. 
a. Basic Parameters: 
A' = 8.000 in. 
B' = 2.500 in. 
C' = 0.750 in. 
r = R + tl2 = 0.1875 + 0.060/2 = 0.218 in. 
y in radians = 50 x 7tl180 = 0.8727 
a = A'-{2r + t) 
= 8.000 - [(2 )(0.218) + 0.060] = 7.504 in. 
-
a = A'-t 
= 8.000 - 0.060 = 7.940 in. 
b = B' - [r + tl2 + a(r + tl2) tan(yl2)] 
= 2.500 _ [0.218 + 0.06012 + 1.0(0.218 + 0.060(2)tan(~.8727/2)] = 2.136 in. 
b = B.' - [t12 + (atI2)tan(~)] 
== isoo ~ [O.()6OI2:.+ (hO)(O.06ti'2)taD(O.8727/2)] = 2.456 in. 
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c = a[C' - (r + tl2)tan(y/2)] 
= 1.0[0.750 - (0.218 + 0.060/2)tan(0.8727/2)] = 0.634 in. 
-
c = a[C'- (tl2)tan(y/2)] 
= 1.0[0.750 - (0.060/2)tan(0.8727/2)] = 0.736 in. 
UI = m/2 
= 1t(0.218)/2 = 0.342 in. 
U2 = yr 
= (0.8727)(0.218) = 0.190 in. 
b. Cross-sectional area 
A = t[a + 2b + 2uI + a(2c + 2U2)] 
= 0.060[7.504 + (2)(2.136) + (2)(0.342) + 1.0{ (2)(0.634) + (2)(0.190)}] 
= 0.846 in.2 
c. Moment of inertia about the x-axis 
2 2 
0.0417a3 + b(a/2 + r} + u.(a/2 + 0.637r} + 0.149r3 
Ix = (
y + sinycosy Sin2y) 3 (/2 rSin y)2 c3sin2y 
2t + 2 Y r + u2 a + -y- + 12 
=(2)(0.060) 
+ c(~ + r(cOSY}--~Siny) 2 
0.0417(7.504)3 + 2.136(7.504/2 + 0.218)2 
+ 0.342[7.504/2 + 0.637(0.218)]2 + 0.149(0.218)3 
+ (0.8727 + sin(0.8727)cos(0.8727) _ Sin2(0.8727»)(0 218)3 
2 0.8727' 
+ 0.190( 7 .504 /2 + (0.2186.~;~~·8727) f + (0.634)3 s:~2(0.8727) 
2 
+ (0.634)C-~04 + 0.218 cos(0.8727) - 0.~34 sin(0.8727) ) 
= 0.120{ 17.62 + 33.67 + 5.177 + 0.0015 + 0.0001 + 2.955 + 0.0125 + 8.443} 
= 8.145 in.4 
d. Moment of inertia about the y axis 
Iy = 
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2.136(2.136/2 + 0.218)2 + (2.136)3/12 + 0.356(0.218)3 + (0.634)3C~~2(0.8727) 
+ 0.634(2.136 + 0.218(1 + sin(0.8727» + 0.~34 cos(0.8727) f 
Iy = (2)(0.060) 
+ 0.190(2.136 + 0.218 + 0.218(1~.~~~~.8727») 2 
+ (0.8727-Sin(0.8727)COS(0.8727) _ O-COS(0.8727»2)(0 218)3 
2 0.8727' 
= 0.120 {3.533 + 0.8121 + 0.0037 + 0.0088 + 4.707 + 1.134 + 0.0005} 
= 1.224 in.4 
e. Product of in tertia 
b(a/2 + r)(b/2 + r) + 0.5r3 + 0.285ar2 
+ C(b + r (1 + siny) + ~COSy )(~ + r(cosy) - ~siny) 
2t (
Sin2y siny(cosy - 1)) 3 c3 sinycosy 
Ixy = + -2- + Y r - 12 
+ U2( b + r + r(1 - yCOSy))( a/2 + rs~y) 
2.136(7.504/2 + 0.218)(2.136/2 + 0.218) + (0.5)(0.218)3 
+ 0.285(7.504)(0.218)2 
+ 0.634(2.136 + 0.218(1 + sin(0.8727» + 0.~4COS(0.8727») 
x (7.504/2 + 0 .218( cos(0.8727» - 0.~34 sin(0.8727) ) 
= (2)(0.060) + (sin2(0:i8727) + sin(0.8727)~~~;i~8727) - 1»)(0.218)3 
(0.634)3 sin(0.8727) cos(0.8727) 
12 
+ 0.190(2.136 + 0.218 + 0.218(1~.~~~~.8727») 
x (7.504/2 + 0.218;ti~78727») 
= 0.120 {10.91 + 0.0052 + 0.1016 + 6.304 - 0.0002 - 0.0105 + 1.831 } 
= 2.297 in.4 
f. Angle between x-axis and minor principal axis, in radians. 
9 = 1I + ltan-1( 2Ixy ) 
2 2 Iy - Ix 
x 1 -1( 2(2.297) ) 
= "2 + 2tan 1.224 - 8.145 
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9 = 1.278 radians (= 73.2 degrees) 
g. Moment of inertia about X2 axis, computed using angles in radians 
Ix2 = Ix cos2 9 + Iy sin2 9 - 2 Ixy sin 9 cos 9 
= 8.145 cos2 (1.278) + 1.224 sin2 (1.278) - (2)(2.297) sin (1.278) cos (1.278) 
= 0.531 in.4 
h. Moment of inertia about Y2 axis, computed using angles in radians 
Iy2 = Ix sin29 + Iy cos2 9 + 2Ixy sin 9 cos 9 
= 8.145 sin2 (1.278) + 1.224 cos2 (1.278) + (2)(2.297) sin (1.278) cos (1.278) 
= 8.84 in.4 
i. Minimum radius of gyration, about X2 axis 
r min= jIX2/ A 
= /0.531/0.846 
= 0.792 in. 
2. Torsional properties of the cross-section 
a. St. Venant torsional constant 
J = ~ [a + 2b + 2Ul + a (2c + 2U2)] 
= 0.°;°
3 [7.504 + (2)(2.136) + (2)(0.342) + 1.0 «2)(0.634) + (2)(0.190»] 
= 0.00102 in.4 
b. Warping constant 
Cw = t 12 
i)2[ 4c-4 + 16bc3 + 6a3c + 4a4)c + sac3] 
+ 6abc2(a + b)[ 2b sin y + a cos y] 
+ 4abc3( 2a + 4b + c} sin y cos y 
+ ctza3 + 4a2j) - 8iib2 + a2c- 161>3 - 41>2c] COS 2 Y 
a + 2b + a2C 
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(2.456)2[ (4)(0.736)4 + (16)(2.456)(0.736)3 
+ (6)(7.940)\0.736) + (4)(7.940)2(2.456)(0.736) 
+ (8)(7.940)(0.736)3] 
+ (6)(7.940)(2.456)(0.736)2(7.940 + 2.456) 
(7.940)2(2.456)3 + lOX [(2)(2.456) sin(0.8727) + (7.940) cos(0.8727)] 
X [(2)(7.940) + 2.456] . + (4)(7.940)(2.456)(0.736)3 
I~9 
X [(2)(7.940) + (4)(2.456) + 0.736 ] sin(0.8727) cos(0.8727) 
C - 0.060 
w - 12 
+ 0.7363[(2)(7.940)3 + (4)(7.940)2(2.456) 
- (8)(7.940)(2.456)2 + (7.940)2(0.736) -16(2.456)3 
- 4(2.456)2(0.736)] cos2(0.8727) 
7.940 + 2(2.456 + 0.736) 
= 0.060(17130 + 1.0(16340 + 5842 + 404.9 + 169.5») 
12 14.32 
= 13.9 in.6 
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Example 1-4: Equal Leg Angle With Lips - Gross Section Properties 
t = O.06~ in. 
I x2 
, I' / 
'" ' ->+,£.~~.------------
/ ' , "'-, 
, I "'-/ ' 
/' s.c. 
Given: 
1. Section 4LS4x060 as shown above 
Required: 
1. Axial and flexural properties of the gross cross-section. 
2. Torsional properties of the cross-section. 
Solution: 
--+x 
1. Calculation of the axial and flexural properties of the gross cross-section. 
a. Basic Parameters: 
A' = 4.000 in. 
C' = 0.500 in. 
a = 1.0 
r = R + tl2 = 0.1875 + 0.060/2 = 0.218 in. 
a = A' - [r + tl2 + a(r + tl2)] 
= 4.000 - [0.218 + 0.060/2 + 1.0(0.218 + 0.060/2)] = 3.504 in. 
-
a = A' - [tl2 + atl2] 
= 4.000 - [0.060/2 + (1.0)(0.060)/2] = 3.940 in. 
c = arC' - (r + tl2)] 
= (1.0)[0.500 - (0.218 + 0.060/2)] = 0.252 in. 
-
c = a[C' - tl2] 
= (1.0)[0.500 - 0.060/2] = 0.470 in. 
u = m/2 = 1t(0.218)/2 = 0.342 in. 
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b. Cross-sectional area 
A = t[2a + u + a(2c + 2u)] 
= 0.060[(2)(3.504) + 0.342 + (1.0)«2)(0.252) + (2)(0.342»] 
= 0.512 in.2 
c. Distance betwen centroid and centerlines of webs 
x=y= 1 {a(~ + r) + u(0.363r) + a[c(a + ~ + 3r) + u(a + 2r)]} 
(3.504)(3.~04 + 0.218) + (0.342)(0.363)(0.218) 
_ 0.060 
- 0.512 + (1.0)[ 0.252( 3.504 + 0.~52 + (3)(0.218») + 0.342(3.504 + (2)(0.218»] 
= 1.097 in. 
d. Moment of inertia about x and y axes 
a(~ + r f + ~~ + u(0.363r)2 + 0.149r3 
Ix =Iy = t + a[c(a + 2r)2 + ~~ + c(~ + r f + u(a + 1.637r)2] 
+ u(O.363r)2 + (2)(0.149)r3 
= 0.060 
2 3 3.504e.~04 + 0.218) + (3.~~) 
+ (0.342)[(0.363)(0.218)]2 + (0.149)(0.218)3 
0.252[3.504 + (2)(0.218)]2 + (0.~2)3 
(0.252 )2 + 1.0 + 0.252 -2- + 0.218 
+ 0.342[3.504 + (1.637)(0.218)]2 
+ 0.342[0.363(0.218)]2 + (2)(0.149)(0.218)3 
= 0.958 in.4 
e. Product of intertia 
-{0.512)( 1.097)2 
{
- 0.137r3 + u(O.363r)2 } 
Ixy = t + 2a[ c(a + 2r)(~ + r) + 0.137r3 + u(a + 1.637r)(0.363r)] - AXy 
-0.137(0.218)3 + 0.342[0.363(0.218)]2 
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0.252[3.504 + 2(0.218)](0.~52 + 0.218) 
= 0.060 + (2)(1.0) + 0.137(0.218)3 
-{O.S 12)( 1.097)( 1.097) 
+ 0.342[3.504 + 1.637(0.218)](0.363)(0.218) 
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Ixy = 0.060{- 0.00142 + 0.00214 + (2.0) [0.3416 + 0.00142 + 0.1045]} - 0.6161 
= - 0.562 in.4 
f. Moment of inertia about Y2 - axis 
Iy2 = Ix + Ixy 
= 0.958 + (- 0.562) = 0.396 in.4 
2. Calculation of torsional properties 
a. Distance between shear center and centerline of square comer. 
(3.940)(0.470)2 Ii 
=~-~-...:.........:.-2 
[(3)(3.940) - (2)(0.470)] 
[(2)(3.940)3 - (3.940-0.470)3] 
= 0.083 in. 
b. St. Venant torsion constant 
J = ~ [2a + u + a(2c + 2u)] 
= 0.0:0
3 [(2)(3.504) + 0.342 + 1.0(2(0.252) + 2(0.342»] 
= 0.000615 in.4 
c. Warping constant 
C
w 
= a4c3t (4"8 + 3C) 




(4)(3.940) + (3)(0.470) 
[(2)(3.940)3 - (3.940 - 0.470)3] 
= 0.0533 in.6 
d. Distance from centroid to shear center 
Xo = -(xli + m) 
= -( 1.097 fi + 0.083) 
= - 1.634 in. 
e. Parameter used to determine elastic critical moment 
J = 4~t [a' + 4a~ - 6a2c2 + c4] - Xo 
y2 
= (~~~~J) [(3.940)4 + (4)(3.94O)3(0.470)-(6X3.940)2(0.470)2 + (Q.470)41- (-1.634) 
= 3.13 in. 
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t = 0.06f in. 
~ i ,/ x2 
, I / 
_>+t.~~' ___________ _ 
, "" / I , 
,-t.' R = p.1875'io. 
A' = 2.0 In. 
Given: 
1. Section 2LU2x060 as shown above 
Required: 
1. Axial and flexural properties of the gross cross-section. 
2. Torsional properties of the cross-section. 
Solution: 
1. Calculation of the axial and flexural properties of tbe gross cross-section. 
a. Basic Parameters: 
A' = 2.000 in. 
C' = 0.000 in. 
a = 0.0 
r = R + tl2 = 0.1875 + 0.060/2 = 0.218 in. 
a = A' - [r + tl2 + a(r + tl2)] 
= 2.000 - [0.218 + 0.060/2 + 0.0] = 1.752 in. 
a = A' - [tl2 + atl2] 
= 2.000 - [0.06012 + 0.0] = 1.970 in. 
c = a[C' - (r + tl2)] 
= 0.0 in. 
c = a[C' - (t12)] 
= 0.0 in. 
u = un. 
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= 1t(0.218)/2 = 0.342 in. 
b. Cross-sectional area 
A = t[2a + u + a(2c + 2u)] 
= 0.060[(2)(1.752) + 0.342 + 0.0] 
= 0.231 in.2 
c. Distance betwen centroid and centerlines of webs 
x=y = 1 {a(~ + r) + u(0.363r) + a[ c(a + ~ + 3r) + u(a + 2r)]} 
= g:~? {(1.752)(1·152 + 0.218) + (0.342)(0.363)(0.218) + O.O} 
= 0.505 in. 
d. Moment of inertia about x and y axes 
Ix = Iy = t 
a(~ + r f + ~~ + u(0.363r)2 + 0.149r3 
+ a[c(a + 2r)2 + 1~ + c(~ + r f + u(a + 1.637r)2] 
+ u(0.363r)2 + (2)(0.149)r3 
= 0.060 2 12 - (0.231)(0.505)2 
{
1.752(1.752 + 0.218)2 + (1.752)3 } 
+ (0.342)[(0.363)(0.218)]2 + (0.149)(0.218)3 + 0.0 
= 0.0940 in.4 
e. Product of intertia 
{
- 0.137r3 + u(0.363r)2 } 
Ixy = t + 2a[ c(a + 2r)(~ + r) + 0.137r3 + u(a + 1.637r)(0.363r)] - AXY 
= 0.060{- 0.137(0.218)3 + 0.342[0.363(0.218)]2 + O.O} - (0.231)(0.505)(0.505) 
= - 0.0589 in.4 
f. Moment of inertia about Y2 - axis 
Iy2 = Ix + Ixy 
= 0.0940 + (- 0.0589) 
= 0.0351 in.4 
2. Calculation of torsional properties 
a. Distance between shear center and centerline of square corner. 
ac2 Ii (3a - 2C) m =~:--- ~...i.-_~~ 
2 [213 _ ('I _ ~3] 
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m = 0.000 in. 
b. St. Venant torsion constant 
J = ~ [2a + u + a(2c + 2u)] 
= (0.0;0)3 [(2)(1.752) + 0.342 + 0.0) 
= 0.000277 in.4 
c. Warping constant 
C _ a4c3t (4a + 3C) 
w - 6 [233 _ (1 _ c) 3] 
= 0.000 in.6 
d. Distance from centroid to shear center 
Xo = -(x j2 + m) 
= - ( 0.505!2 + 0.000) 
= - 0.714 in. 
e. Parameter used to determine elastic critical moment 
j = !2 t [a4 + 4a3c - 6a2c2 + c4] - Xo 48Iy2 
_ !2 (0.060) [(1 970)4 + 0.0-0.0 + 0.0] - (- 0.714) 
- (48)(0.0351) . 
= 1.47 in. 
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Example 1-6: Hat Section - Gross Section Properties 






r. -~ ~ ~R=O.1875In. : i 






~ I , 
I. .1 
C' = 1.67 in. 
Given: 
1. Section: 3HU4.5x 135 as shown above 
Required: 
1. Flexural properties of the gross cross-section. 




B' = 3.0 In. 
1.67 in. 
1. Calculation of the flexural properties of the gross cross-section. 
a. Basic Parameters: 
A' = 4.5 in. 
B' = 3.00 in. 
C' = 1.670 in. 
r = R + tl2 
= 0.1875 + 0.135/2 = 0.255 in. 
a = A' - (2r + t) 
= 4.5 - [(2)(0.255) + 0.135] = 3.855 in. 
-
a = A'-t 
= 4.50 - 0.135 = 4.365 in. 
b = B'- [r + tl2 + a(r + tl2)] 
= 3.00 - [0.255 + 0.135/2 + 1.0(0.255 + 0.135/2)] = 2.355 in. 
Ii = B' - [tl2 + atl2] 
= 3.00 - [0.135/2 + (1.0)(0.135/2)] = 2.865 in. 
c = a[C'- (r + tI2)] 
= 1.0[1.670 - (0.255 + 0.135/2)] = 1.348 in. 
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-c = a[C' - (tl2)] 
= 1.0[1.670 - (0.135/2)] = 1.603 in. 
u = 1tr/2 
= 1C(0.255)/2 = 0.401 in. 
b. Cross-sectional area 
A = t[a + 2b + 2u + a(2c + 2u)] 
= 0.135[3.855 + (2)(2.355) + (2)(0.401) + 1.0{(2)(1.348) + (2)(0.401)}] 
= 1.737 in.2 
c. Moment of inertia about the x-axis 
0.0417a3 + b{a/2 + r)2 + u(a/2 + 0.637r)2 + 0.149r3 
2t + a[ 0.0833c3 + ~(a + c + 4r)2 + u(~ + 1.363r) 2 + 0.149r3 ] 
= (2)(0.135) 
0.0417(3.855)3 + 2.355(3.855/2 + 0.255)2 
+ 0.401[3.855/2 + 0.637(0.255)]2 + 0.149(0.255)3 
[
(0.0833)(1.348)3 + 1.!48 (3.855 + 1.348 + (4)(0.255»2] 
+ 1.0 
+ 0.401(3.855/2 + (1.363)(0.255»)2 + (0.149)(0.255)3 
= 0.270{2.389 + 11.22 + 1.752 + 0.0025 + 1.0 [0.2040 + 13.05 + 2.076 + 0.OO25]} 
= 8.29 in.4 
d. Distance between centroid and web centerline 
i = ~ Ib(b/2 + r) + u(0.363r) + a(u(b + 1.637r) + c(b + 2r)lj 
(2)(0.135) {2.355(2.355/2 + 0.255) + (0.401)(0.363)(0.255) } 
= 1.737 + 1.0[0.401(2.355 + (1.637)(0.255» + 1.348(2.355 + (2)(0.255»] 
= 0.1559{3.374 + 0.0371 + 1.0 [ 1.112 + 3.862]} 
= 1.307 in. 
e. Moment of inertia about the y-axis 
{
b{b/2 + r)2 + b3/12 + 0.356r3 } 
Iy = 2t + a[ c(b + 2r)2 + u(b + 1.637r)2 + 0.149£1] - Al2 
2.355(2.355/2 + 0.255)2 + (2.355)3/12 + 0.356(0.255)3 
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= (2)(0.135) [1.348(2.355 + (2)(0.255»2 + ] - (1.737)(1.307)2 
+ 1.0 0.401(2.355 + (1.637)(0.255»2 + 0.149(0.255)3 
= 0.270 {4.833 + 1.088 + 0.0059 + 1.0 [11.06 + 3.082 + O.OO2S]} - 2.949 
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Iy = 2.470 in.4 
f. Distance between shear center and web centerline 
m = 
= 2.865 (4.365)3 + (6)(4.365)2(2.865) 
[
(3)(4.365)2(2.865) + (1.0)(1.603)(6)(4.365)2-(8)(1.603)2) 1 
+ (1.0)(1.603)[(8)(1.603)2 + (12)(4.365)(1.603) + (6)(4.365)2] 
[ 163.8 + 150.3 ] = 2.865 83.17 + 327.5 + 350.8 
= 1.182 in. 
g. Distance between centroid and shear center 
Xo = - (x + m) 
= -(1.307 + 1.182) 
= - 2.489 in. 
2. Torsional properties of the cross-section 
a. St. Venant torsional constant 
J = ~ [a + 2b + 2u + a (2c + 2u)] 
. = 0.1153 [3.855 + (2)(2.355) + (2)(0.401) + 1.0 {(2)(1.348) + (2)(0.401)}] 
= 0.0106 in.4 
(4.365)2(2.865)2(0.135) 
= 12 
(2)(4.365)3(2.865) + (3)(4.365)2(2.865)2 
[
(48)(1.603)4 + (112)(2.865)(1.603)3 + (8)(4.365)(1.603)3] 
+ 1.0 - (48)(4.365)(2.865)(1.603)2 - (12)(4.365)2(1.603)2 
+ (12)(4.365)2(2.865)(1.603) + (6)(4.365)3(1.603) 
(6)(4.365)2(2.865) + (4.365 + (1.0)(2)(1.603»3 
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4766 + 4692 + 1 0[316.9 + 1322 + 143.8 - 1543] 
. . . - 587.5 + 1050 + 799.9 
Cw = 1.759 327.5 + 434.0 
= 5.65 in.6 
c. Parameter used in determination of elastic critical moment. 
~w = - [~3 + tX3a] 
= _[ (0.135)(l.;~7)( 4.365)3 + (0.135)( 1.307)3(4.365) ] 
= -2.539 in.S 
~f =! [ (b - xt -x"] + ~2 [(Ii -xi - x2 ] 
= O.~5 [(2.865 _ 1.307)4 _ (1.307)4] + (0.135)~4.365)2 [(2.865 - 1.307)2 - 1.3072] 
= 0.6832 in.5 
~e = 2ct(b - x)3 + ~ t(b - x) [(312 + c)3 - (i/2)3] 
I 59 
= (2)(1.603)(0.135)(2.865 - 1.307)3 + ¥0.135)(2.865 - 1.307)[(4.365/2 + 1.603)3 - (4.365/2)3] 
= 7.786 in.s 
= 1 (-2539 + 0.6832 + 7.786H-2.489) (2)(2.470) . 
= 3.69 in. 
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Example 1-7: Wall Panel Section - Gross Section Properties 
L 
t .5 
0.250 in 8 
N 
3.00 in. 3.00 in. 
Given: 
1. Section: Shown in sketch above. 
Required: 




3.00 in. 2.00 in. 
Since no closed formed solution is available, the properties must be determined by parts. 
1. Elements 4 and 10: 
90° comers, r = R + t 12 = 0.125 + 0.030/2 = 0.140 in. 
Length of arc, u = 1.57r = (1.57)(0.140) = 0.220 in. 
Distance of c.g. from center of radius, 
c = 0.637r = (0.637)(0.140) = 0.089 in. 
Distance of c.g. from top of panel 
y = 0.125 + 0.030 - 0.089 = 0.066 in. 
I' x (each arc) = 0.149r3 
2. Element 7: 
= (0.149)(0.140)3 
= 0.0004 in.3 
r = 0.140 in., 0 = 45° = 0.785 rad. 
Cl = rsinO/a = (0.140)(0.707)/0.785 = 0.126 in. 
n = 0.350 - (2)(O.l40)(I-cos(0.785» 
= 0.350 - 0.082 = 0.268 in. 
lb = 0.268/sin(0.785) = 0.379 in. 
Element CD 
0.932 in .. 
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la = Sr = (0.785)(0.140) = 0.110 in. 
1'1 (straight portions) = (2)(1112)(lb)n2 
= (2)(1112)(0.379)(0.268)2 = 0.0045 in.3 
1'1 (each arc) = [ e + s~ e cos e _ Si~ e }3 
= [0.785 + sin(0.785)cos(0.785) _ Sin2(0.785)](0 140)3 
2 0.785' 
= 0.000017 in.3 ::= 0 
By inspection, take advantage of symmetry and locate reference axis at 112 element 
depth = (0.350 +0 .030) / 2 = 0.190 in. 
L y Ly 
(in.) (in.) (in.2) 
Upper Radius 0.220 0.161 0.035 
Straight Segments (2)(0.379) = 0.758 0.000 0.000 
Lower Radii 0.220 -0.161 -0.035 
Sum 1: 1.198 0.000 
y cg = 1:Ly/l:L 
= 0.000/1.198 = 0.000 in. (at centerline as expected) 
1:1' x = 1:Ly2 + 1:1' 1 - Ycg21:L 
= 0.0114 + 0.0045 - (0.000)2(01.198) = 0.0159 in.3 
Distance of c.g. from top of panel 
-y = 2.030 - 0.380/2 = 1.840 in. 
3. Element 1: 
. 5 
Element CD ~ 




L from top flange Ly 
(in.) (in.) (in.2) 
90° Comer 0.220 0.155 - 0.089 = 0.066 0.015 
Straight Segments (2)(0.250) = 0.500 0.280 0.140 
Semi-Circle (2)(0.220) = 0.440 0.405 + 0.089 = 0.494 0.217 
Sum ~ 1.160 0.372 
Yea = ayn:L 
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l:I' x = l:Ly2 + l:1'1 - y cg2a 
= 0.1476 + 0.0034 - (0.321)2(1.160) = 0.0314 in.3 
4. Total Section: 
y 
L from top fiber Ly 
Element (in.) (in.) (in.2) 
1 1.160 0.321 0.372 
2 2.580 0.015 0.039 
3 1.720 0.015 0.026 
4 (3)(0.220) = 0.660 0.066 0.044 
5 (2)(1.720) = 3.440 1.015 3.492 
6 (2)(2.394) = 4.788 2.015 9.648 
7 (2)(1.198) = 2.396 1.840 4.409 
8 2.068 2.015 4.167 
9 0.260 0.285 0.074 
10 (2)(0.220) = 0.440 1.964 0.864 
Sum ~ 19.512 23.135 
-y = Uyta 
= 23.135119.512 = 1.186 in. from top fiber 
Ix = [Uy2 + 1:1' x - rl:L]t 
= [41.335 + 0.914 - (1.186)2(19.512)] 0.030 = 0.444 in.4 
Sft = Ix I Y 
= 0.444/1.186 = 0.374 in.3 
Sfb = I xl (d - y) 
= 0.444 I (2.030 - 1.186) = 0.526 in.3 
A = (l:L)t = (19.512)(0.030) = 0.585 in.2 
I'x 
about 
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3.5 Effective Section Properties 
Effecti ve section properties are based on the effecti ve width concept. For plate ele-
ments it is assumed that the total load in a plate element is carried by a fictitious effective 
width subject to a uniformly distributed stress equal to the maximum edge stress in the 
element while eliminating the remainder of the plate element. This concept eliminates 
the need to consider the non-unifonn distribution of stress over the entire width of the 
plate. The non-unifonn distribution of stress occurs in cold-formed steel design because 
of the consideration of post-buckling strength in the member elements. The use of post-
buckling strength behavior complicates member design, but does permit more efficient 
use of steel. 
Equations are presented in the Specification for the calculation of effective width 
of plate elements. The effective width varies depending upon the magnitude of the stress 
level, the distribution of stress, and the geometrical properties of the element being con-
sidered (flat width, thickness and whether the element is stiffened or unstiffened, etc). 
In many situations the calculation of section properties is iterative in nature. For 
example, if one considers a given beam profile, the stresses in the beam could be calcu-
lated initially using the full section properties of the beam. Using these properties, the 
effective widths of the compression elements are determined. Using the effective widths 
a new beam centroid is determined and new section properties are calculated. Using the 
newly determined properties, stresses are recalculated and the procedure is repeated until 
convergence is satisfied. 
In the examples presented herein, for beam section properties, the effective section 
properties are computed using one of the following two procedures: 
1. If the neutral axis of the effective section is at mid-depth of the section or closer 
to the tension flange than to the compression flange, the maximum stress occurs 
in the compression flange, thus the effecti ve width of the compression flange and 
the effective width of the web elements can be calculated assuming an extreme 
compression fiber stress equal to the yield stress. This case is not iterative in na-
ture unless the web is not fully effective. 
2. If the neutral axis of the effecti ve section is closer to the compression flange than 
to the tension flange, the compressive stress must be known in order to calculate 
the effective widths of the compression elements. The compressive stresses de-
pend upon the location of the neutral axis which in turn depends on the effective 
widths, thus the solution is iterative in nature. Some of the example problems 
demonstrate this iterative procedure. 
For uniformly stressed sections, i.e. column sections, the effective widths do not 
vary with location of the neutral axis, thus iteration is not required. 
3.6 Effective Section Properties - Example Problems 
The following example problems are intended to illustrate various provisions of 
the Specification, especially those involving the calculation of effective section proper-
ties. These should be used in conjunction with the other parts of the Design ManUQI. 
Many of the calculations are referenced in Parts II and m. 
The calculations were done using the same guidelines on precision presented in 
Section 3.4 of Part I of the Design Manual. 
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i R = 0.250 In. 






1. Steel: Fy = 55 ksi 
2. Section: 9CS3x060 as shown above 
Required: 
1. Effective section modulus, Se, based on initiation of yielding. 
2. Effective area at a uniform compressive stress of 37.67 ksi. 
Solution: 
See Example I-I for derivation of basic geometric parameters. 
1. Computation of Se at initiation of yielding: 
An iterative approach is generally required. 
For the first iteration, assume a compression stress of f = Fy = 55 ksi in the top fibers of 
the section and that the neutral axis is 4.000 in. below the top fibers. 
a. Compression flange: from Section B4.2 
w = b = 2.380 in. 
wIt = 2.380/0.060 = 39.67 < 60 OK (Section B1.1-a-l) 
S = 1.28 JEff 
= 1.28 ;r-29-5-00-/-5-5 = 29.64 :. wIt ~ S => use Case III 
:.n = 1/3 
Ia = {liS (w/t)/S + 5} t4 
= {115 (39.67)129.64 + 5} (0.060)4 = 0.00206 in.4 
Compute flange k based on stiffener lip properties. 
d = c = 0.190 in. 
dlt = 0.190/0.060 = 3.17 < 14 OK (Section B4 of the Commentary) 
(Eq. B4-I) 
(Eq. B4.2-11) 
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D = 0.500 in. 
Is = d3 t sin2 8/12 
= (0.190)3 (0.060) 8in2 (~) 112 = 0.0000343 in.4 
C2 = lsI la = 0.0000343/0.00206 = 0.0166 
D/w= 0.500/2.380 = 0.210 < 0.8 OK 
ka = 5.25 - 5 (D/w) S 4.0 
ka = 5.25 - 5 (0.210) 
= 4.20 > 4.0, use ka = 4.0 
k = C2n (ka - ku) + ku 
= (0.0166)113 (4.0 - 0.43) + 0.43 = 1.34 
I. = 1.~2(~)A 
= 1~(39.67) j2iioo = 1.557> 0.673 :. not fully effective 
" 1.34 
P = (1 - 0.221A) I A 
= (1 - 0.2211.557)/1.557 = 0.552 
b = pw 
= (0.552)(2.380) = 1.314 in. 
b. Stiffener lip: from Section B3.2-a 
wIt = dlt = 3.17 
Maximum stress in lip (by similar triangles) 
f = 55 [4.500 - 0.060/2 - 0.280]1 4.500 = 51.21 ksi 
k = 0.43 
I. = 1~(3.17)ji~5~ =0.212<0.673 
,,0.43 
d's = d = 0.190 
ds = C2d's 
= (0.0166)(0.190) = 0.003 in. 
c. Web: from Section B2.3 
wIt = 8.380/0.060 = 139.7 
'I' = f2/ft 
Assuming the neutral axis is at the section centerline, find the maximum flexural 
stress in the web by similar triangles. 
fl = (55)(4.500 - 0.060/2 - 0.280)/4.500 = 51.21 ksi 
By symmetry 
f2 = -fl = -51.21 ksi 
'II = f21 fl = - 51.21/51.21 = -1.0 
k = 4 + 2 (1 - '1')3 + 2(1 - '1') 
= 4 + 2 (1 - (_1»3 + 2(1 - (-1» = 24.0 
A = ?52(139.7)ji~~ 
. 24.0 
= 1.250 > 0.673 "". may not be fully effective 
p :I: (1 - O.2211.2S0) 11.250 = 0.659 
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hI = he 1(3-'1') (Eq. B2.3-1) 
= 5.522/(3 - (-1)) = 1.381 in. 
For 'I' ~ -0.236 
h2 = be 12 = 5.522/2= 2.761 in. (Eq. B2.3-2) 
bI + b2~ w/2 
1.381 + 2.761 = 4.142 < 8.380/2 = 4.190 :. web is not fully effective for this iteration 
d. Recompute properties by parts 
Represent the ineffective portion of the web as an element with a negative length 
bneg = -(4.190 - 4.142) = - 0.048 in. 
Its centroidallocation below the top fibers 
y = tl2 + r + b 1 + bneg/2 
= 0.06012 + 0.280 + 1.381 + 0.048 /2= 1.715 in. 
y 
Element L from top fiber 
(in.) (in.) 
Top Flange 1.314 0.030 
Bottom Flange 2.380 8.970 
Web 8.380 4.500 
Negative Web Element -0.048 1.715 
Top Inside Comer 0.440 0.132 
Bottom Inside Comer 0.440 8.868 
Top Outside Corner 0.440 0.132 
Bottom Outside Corner 0.440 8.868 
Top Lip 0.003 0.312 
Bottom Lip 0.190 8.595 
Sum ~ 13.979 
-y = ~Ly/I',L 
= 68.570/13.979 = 4.905 in. below top fiber 










































2. Second iteration with new neutral axis location 
The calculated neutral axis location (4.905 in.) does not equal the assumed neutral axis 
location (4.500 in.); therefore, another iteration is required. 
a. Compression flange 
Since the neutral axis is below the centerline, the maximum flexural stress, Fy, will 
occur at the top flange. The previous solution using Fy will still be valid. 
b. Stiffener lip 
The change in neutral axis location will change the stress gradient and consequently 
the maximum stress in the stiffener slightly. This may cause a minor change in the 
effective width of the stiffener. Neglect in this case. 
c. Web 
Compute new stresses at edges of web, correcting for the shift in lite· ne. aisi 
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f} = 55(4.905 - 0.060/2 - 0.280)/4.905 
= 51.52 ksi 
r """F""""""" r-__ -_-__ ~f~5 ksi 
4.595 m. ~~~. __ f2 = -55(9.000 - 4.905 - 0.060/2 - 0.280)/4.905 
= -42.44 ksi 
3.785 In. 4.095 In. 
L "" J"""------I 
'I' = f21 fl = - 42.44/51.52 = - 0.824 
k = 4 + 2 (1 - (-0.824»3 + 2 (1 - (-0.824» = 19.78 
A. = 1.052 (139.7) /51.52 
./19.78 29500 
= 1.381 > 0.673 :. web may not be effective for this iteration 
p = (1 - 0.2211.381 )/1.381 = 0.609 
be = (0.609)(8.380) = 5.1 03 in. 
b} = be 1(3 - 'I' ) 
= 5.103/(3 - (-0.824» = 1.334 in. 
For 'l'S -0.236 
b2 = be 12 = 5.103/2 = 2.552 in. 
b} + b2 = 1.334 + 2.552 = 3.886 in. 
Width of compression block 
8.380/2 + 0.405 = 4.595 in. > 3.886 in. :. web is not fully effective 
d. Recompute properties by parts 
Represent the ineffective portion of the web as a negative area 
bneg = -(4.595 - 3.886) = -0.709 in. 
Its centroidallocation below the top fibers 
y = tl2 + r + b 1 + bneg/2 
= 0.06012 + 0.280 + 1.334 + 0.709 12 = 1.999 in. 
Y 
Element L from top fiber Ly 
(in.) (in.) (in.2) 
Top Flange 1.314 0.030 0.039 
Bottom Flange 2.380 8.970 21.349 
Web 8.380 4.500 37.710 
Negative Web Element -{).700 1.999 -1.417 
Top Inside Corner 0.440 0.132 0.058 
Bottom Inside Comer 0.440 8.868 3.902 
Top Outside Corner 0.440 0.132 0.058 
Bottom Outside Corner 0.440 8.868 3.902 
Top Lip 0.003 0.312 0.001 
Bottom Lip 0.190 8.595 1.633 
Sum 1: 13.318 67.235 
-y ... = ~yllL 
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Ix = [l:tx + Uy2 - rl:L] t 
= [49.023 + 441.614 - (5.048)2(13.318 )] (0.060) = 9.076 in.4 
Se = Ix Iy 
= 9.076/5.048 = 1.80 in.3 
3. Further Iterations 
The calculated neutral axis location (5.048 in.) does not exactly match the assumed neu-
tral axis location (4.905 in.) but the calculated Ix and Se are within three percent of the 
fully converged solution. After further iterations (not shown) the solution converges to: 
-y = 5.113 in. 
Ix = 8.96 in.4 
Se = 1.75 in.3 
4. Computation of Ae at a uniform compression stress of 37.67 ksi 
a. Compression flange: taking parameters from 1 (a) above 
S = 1.28 /29500/37.67 = 35.82 
wIt = 39.67> S => use Case III 
:.n = 113 
Ia = {115 (w/t)/S + 5}t4 
= {115(39.67)/35.82 + 5}(0.060)4 = 0.00172 in.4 
C2 = IsIIa = 0.0000343/0.00172 = 0.0199 
k = C2D (ka - ku) + ku 
= (0.0199)1/3 (4.00 - 0.43) + 0.43 = 1.40 
A = 1.052 (w) II Ik t VE 
= 1~(39.67) j~J5~ = 1.260 > 0.673 :. not fully effective 
.;1.40 
p = (1 - 0.2211.260)11.260 = 0.655 
b = pw = (0.655)(2.380) = 1.559 in. 
b. Stiffener lip: taking parameters from 1 (b) above 
f = 37.67 
A = 1~(3.17) j~J5~ = 0.182 < 0.673 :. element is fully effective 
.;0.43 
d's = w = 0.190 in. 
d = C2 d's = (0.0199)(0.190) = 0.004 in. 
c. Web 
k = 4.0 
A = 1.052(139.7) j37.67 
j4.0 29500 
= 2.626 
P = (1 - 0.2212.626)/2.626 
= 0.349 
b = pw 
= (0.349)(8.380) 
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Sum of the effective widths of the elements. 
L 
Element (in.) 
Top Flange 1.559 
Bottom Flange 1.559 
Web 2.925 
Top Inside Comer 0.440 
Bottom Inside Corner 0.440 
Top Outside Comer 0.440 
Bottom Outside Comer 0.440 
Top Lip 0.004 
Bottom Lip 0.004 
Sum I 7.811 
Ae = tIL 
= (0.060)(7.811) = 0.469 in.2 
1-70 Dimensions and Properties for use with the 1996 AISI Cold-Formed Steel Specification 




I R = 0.1875 in. 
5.50 in. - - I. - ----+x 
I 
Given: 
1. Steel: Fy = 33 ksi 
2. Section: 5.5CUl.25x057 as shown above 
Required: 
, 
1. Effective section modulus at a maximum bending stress, f, of 33 ksi 
Solution: 
See Example 1-2 for derivation of basic geometric parameters. 
1. Computation of Se at f = 33 ksi 
An iterative approach is generally required. 
For the first iteration, assume a compression stress of f = Fy = 33 ksi in the top fibers of 
the section and a neutral axis location 2.75 in. below the top fibers. 
a. Compression flange is a uniformly compressed un stiffened element (Section B3.I) 
w = B-r-t/2 
= 1.250 - 0.216 - 0.057/2 
= 1.006 in. 
wIt = 1.006/0.057 = 17.65 
k = 0.43 
A = 1.~2(7)A 
= 1.052 (17 .65) ~ 
';0.43 "moo 
= 0.947 > 0.673 
P = (1 - 0.221)") I A 
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b = pw 
= (0.811)( 1.006) 
= 0.816 in. 
(Eq. B2.1-2) 
b. Compute new neutral axis location and check web as a stiffened element with a stress gradient 
Y 
Element L from top fiber 
(in.) (in.) 
Top Flange 0.816 0.0285 
Top Radius 0.339 0.1069 
Web 5.011 2.7500 
Bottom Radius 0.339 5.3931 
Bottom Flange 1.006 5.4715 
Suml: 7.511 
-y = l:Ly/l:L 
= 21.171/7.511 = 2.819 in. below top fiber 
Ix = [l:tx + ILy2 - ?l:L] t 
= [10.490 + 77.878 - (2.819)2(7.511)] (0.057) 
= 1.635 in.4 
By similar triangles 









f2 - 5.500 - 2.819 - 0.216 - 0.057/2 (33) = _ 28.52 ksi 
- 2.819 
'I' = f7/fl = - 28.52/30.14 = - 0.946 
k = 4 + 2 (1 - '1')3 + 2(1 - '11) 
= 4 + 2[1 - (- 0.946)]3 + 2[1 - (- 0.946)] 
= 22.63 
w = 5.500 - 2(0.216) - 0.057 = 5.011 in. 
wIt = 5.01110.057 = 87.91 
A = 1.~2(~)A 
= 1.052 (87.91) j30.l4 
/22.63 29500 
= 0.621 < 0.673, therefore, b = w = 5.011 in. 
bi = b/(3 - '11) 
= 5.011/(3 - (-0.946» = 1.270 in. 
For '11 S -0.236 
b2 = bel2 
= 5.011/2 = 2.506 in. 
bi + b2 = 1.270 + 2.506 = 3.776 in. 
Width of compression block 
Ix 
Ly2 about own 







r -- --r----- ----r-•• -.-•• -f~ ksi 
2.575 In. ~~~~._. 
2.437 In. 2.681 In. 






2.819 - O.057n - 0.216 = 2.575 in. < (bl + hl) = 3.776 in. 
Therefore the web is fully effective andnofurtber iteration is required. 
Se = lxI, = 1.63'·/2.819 = O.S80 in. 
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1. Steel: Fy = 55 ksi 
2. Section: 8Z2.5x06O as shown above 
Required: 
R = 0.1875 In. 
------+x 
t= 0.060 in. 
2.50 In. 
I. Effective section modulus, Se, based on initiation of yielding. 
2. Effective moment of inertia based on procedure I for deflection determination at a ser-
vice moment equal to 60% of Mn. 
3. Effective area at a uniform compressive stress of 26.2 ksi. 
Solution: 
See Example 1-3 for derivation of basic geometric parameters. 
1. Computation of Se at initiation of yielding: 
An iterative approach is generally required. 
For the first iteration, assume a compression stress of f = Fy = 55 ksi in the top fibers of 
the section and that the neutral axis is 4.000 in. below the top fibers. 
a. Compression flange: from Section B4.2 
w = b = 2.136 in. 
wIt = 2.136/0.060 = 35.6 < 60 OK (Section B1.1-a-l) 
S = 1.28 jEff (Eq. B4-1) 
= 1.28 /29500/55 = 29.64 :. wIt ~ S ~ use Case DI 
:.n = 1/3 
Ia = {II5(w/t)/S+5}r' (Eq.B4.2-11) 
= {liS (35.6)129.64 + 5) (0.060)4 = 0.00185 in.4 
Compute flange k based on stiffener lip properties. 
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d = c = 0.634 in. 
dlt = 0.634/0.060 = 10.57 < 14 OK (Section B4 of the Commentary) 
D = 0.750 in. 
Is = d3 t sin2 9112 
= (0.634)3 (0.060) sin2 (0.8727) 112 = 0.000748 in.4 
C2 = lsI Ia = 0.000748/0.00185 = 0.404 
D/w= 0.75/2.136 = 0.351 < 0.8 OK 
ka = 5.25 - 5 (D/w) S 4.0 
= 5.25 - 5 (0.351) 
= 3.495 < 4.0 OK 
k = C2D (ka - ku) + ku 
= (0.404)113 (3.495 - 0.43) + 0.43 = 2.70 
A = 1.~2(~)A 
= 1~(35.6) /2i;00 = 0.984 > 0.673 :. not fully effective 
,,2.70 
p = (1 - 0.22/t...) I A 
= (1 - 0.2210.984)/0.984 = 0.789 
b = pw 
= (0.789)(2.136) = 1.685 in. 
b. Stiffener lip: from Section B3.2-a 
wIt = dlt = 10.57 
Maximum stress in lip (by similar triangles) 
f = 55 [4.000 - 0.060/2 - 0.218 (1- cos (0.8727»]/4.000 = 53.52 ksi 
k = 0.43 
A = 1~(l0.57) /1:5~ = 0.722 > 0.673:. not fully effective 
,,0.43 
p = (1 - 0.2210.722)/0.722 = 0.963 
d's = (0.963) (0.634) = 0.611 in. 
ds = C2d's 
= (0.404)(0.611) = 0.247 in. 
c. Web: from Section B2.3 
wIt = 7.504./0.060 = 125.1 
'If = f2lf} 
Assuming the neutral axis is at the section centerline, fmd the maximum flexural 
stress in the web by similar triangles. 
f} = (55)(4.000 - 0.060/2 - 0.218)/4.000 = 51.59 ksi 
By symmetry 
f2 = -f} = -51.59 
'II = f21 f} = -51.59151.59 = -1.0 
k = 4 + 2 (1 - '1')3 + 2( 1 - '1') 
= 4 + 2 (1 - (_1»3 + 2(1 - (-1» = 24.0 
A ~ J~~(l2S·1)/l~~ 
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p = (1 - 0.22/1.123) 1 1.123 = 0.716 
be = (0.716)(7.504) = 5.373 in. 
b} = be 1(3-'V) 
= 5.373/(3 - (-1)) = 1.343 in. 
For 'V ~ -0.236 
b2 = be 12 = 5.37312 = 2.687 in. 
b} + b2~ w/2 
1.343 + 2.687 = 4.030 > 7.50512 = 3.753 :. web is fully effective for this iteration 
d. Recompute properties by parts 
y 
Element L from top fiber 
(in.) (in.) 
Top Flange 1.685 0.030 
Bottom Flange 2.136 7.970 
Web 7.504 4.000 
Top Inside Comer 0.342 0.109 
Bottom Inside Comer 0.342 7.891 
Top Outside Comer 0.190 0.057 
Bottom Outside Comer 0.190 7.943 
Top Lip 0.247 0.202 
Bottom Lip 0.634 7.649 
Sum 1: 13.270 
-y = 1:Ly/l:L 
= 56.246/13.270 = 4.239 in. below top fiber 































2. Second iteration with new neutral axis location 
The calculated neutral axis location (4.240 in.) does not equal the assumed neutral axis 
location (4.000 in.); therefore, another iteration is required. 
a. Compression flange 
Since the neutral axis is below the centerline, the maximum flexural stress, Fy, will 
occur at the top flange. The previous solution using Fy will still be valid. 
b. Stiffener lip 
The change in neutral axis location will change the stress gradient and consequently 
the maximum stress in the stiffener slightly. This may cause a minute change in the 
effective width of the stiffener. Neglect in this case. r ----f-------- r--__ -_-__ -,f~5 ksi 
c. Web I 
3.992 In. 4.2
1
40 In .. 
Compute new stresses at edges of web, 
correcting for the shift in the neutral axis. -. -r ---
f} = 55(4.240 - 0.060/2 - 0.218)/4.240 
3.512 In. "~.760 In. 
= 51.78ksi;, LB--- ----. fa 
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f2 = -55(8.000 - 4.240 - 0.060/2 - 0.218)/4.240 
= -45.56 ksi 
'I' = f21 fl = -45.56151.78 = -0.880 
k = 4 + 2 (1 - (-0.880»3 + 2 (1 - (~.880» = 21.05 
A = 1.052 (125.1) /51.78 
/21.05 29500 
= 1.202 > 0.673 :. web may not be effective for this iteration 
p = (1 - 0.2211.202)/1.202 = 0.680 
be = (0.680)(7.504) = 5.103 in. 
bl = be /(3 - (-0.880» = 1.315 in. 
For 'I' S -0.236 
b2 = be 12 = 5.103/2 = 2.552 in. 
b} + b2 = 1.315 + 2.552 = 3.867 in. 
Width of compression block 
7.50412 + 0.240 = 3.992 in. > 3.867 in. :. web is not fully effective 
d. Recompute properties by parts 
Represent the ineffective portion of the web as an element with a negative length 
bneg = -(3.992 - 3.867) = ~.125 in. 
Its centroidallocation below the top fibers 
y = tl2 + r + b 1 + bneg/2 
= 0.06012 + 0.218 + 1.315 + 0.12512 = 1.626 in. 
y 
Element L from top fiber Ly 
(in.) (in.) (in.2) 
Top Flange 1.685 0.030 0.051 
Bottom Flange 2.136 7.910 17.024 
Web 7.504 4.000 30.016 
Negative Web Element -0.125 1.626 -0.203 
Top Inside Corner 0.342 0.109 0.037 
Bottom Inside Corner 0.342 1.891 /2.699 
Top Outside Corner 0.190 0.051 0.011 
Bottom Outside Corner 0.190 1.943 I 1.509 Top Lip 0.247 0.202 0.050 
Bottom Lip 0.634 1.649 4.849 
Sum 1: 13.145 56.043 
-y = 1:LyJa 














Ix = [l:i'x +~y2-rIL] t 
= [35.230 + 325.809 - (4.263)2(13.145)] (0.060) = 7.329 in.4 
Se = Ix Iy 















3. Further Iterado. . 
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teal axis location (4.240 in.) but the calculated Ix and Se are within one percent of the 
fully converged solution. After further iterations (not shown) the solution converges to: 
y = 4.276 in. 
Ix = 7.30 in.4 
Se = 1.71 in.3 
4. For Ix at a service load of 60 % of Mn; M = (0.60)(93.9) = 56.3 kip-in. 
Assume the maximum compressive stress is approximately (0.60) Fy = (0.60)(55) = 33 
ksi. The calculations are otherwise the same. 
a. Compression flange: taking parameters from 1 (a) above 
S = 1.28 /29500/33 = 38.27 > wIt = 35.6 => use Case II 
:.n = 1/2 
3 
I. = 399[(W/t)/S -Jku/4] t4 
= 399[(35.6/38.27) -J"--0.4-3/-4f(0.060)4 = 0.00113 in.4 
C2 = Isfla = 0.00074810.00113 = 0.662 
k = C2D (ka - ku) + leu = (0.662)112 (3.495 - 0.43) + 0.43 = 2.923 
A = 1.~2(~)A 
= ~(35.6) j2iioo = 0.733> 0.673 :. not fully effective 
p = (1 - 0.2210.733)/0.733 = 0.955 
b = pw = (0.955)(2.136) = 2.040 in. 
b. Stiffener lip: taking parameters from 1 (b) above 
f = 33 (4.000 - .060/2 - 0.218 (1.0 - cos(0.8727»/4.000 = 32.11 ksi 
A = l~ (l0.57) j l~5~ = 0.559 < 0.673 :. element is fully effective 
v'0.43 
d's = w = 0.634 in. 
d = C2 d's = (0.662)(0.634) = 0.420 in. 
c. Web 
By inspection, since the web was almost fully effective at a maximum flange stress 
of 55 ksi it will probably be effective at this lower maximum flange stress. This can 
be confirmed by calculations (not shown) similar to those in sections 1 c and 2c, us-
ing fmax = 33 ksi. Table 11-3 of Chapter II of the Manual gives the nominal moment 
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Y 
Element L from top fiber Ly 
(in.) (in.) (in.2) 
Top Flange 2.040 0.030 0.061 
Bottom Flange 2.136 7.970 17.024 
Web 7.504 4.000 30.016 
Top Inside Comer 0.342 0.109 0.037 
Bottom Inside Comer 0.342 7.891 2.699 
Top Outside Comer 0.190 0.057 0.011 
Bottom Outside Comer 0.190 7.943 1.509 
Top Lip 0.420 0.269 0.113 
Bottom Lip 0.634 7.649 4.849 
Sum 1: 13.798 56.319 
-y = 1:Ly~ 
= 56.319113.798 = 4.082 in. below the top fiber 













= [35.233 + 326.159 - (4.082)2(13.798)](0.060) = 7.889 in.4 
Check if moment is 60% of Mn at this stress level. 
Se = Ix/ Y 
= 7.889/4.082 = 1.933 in.3 
M = Sef 














0.60 Mn = (0.60)(93.9) = 56.3 kip-in. < 63.8 :. maximum stress is lower. 
Try f = 33(56.3/63.8) = 29.12 ksi (by proportioning) 
Recomputing Ix using a maximum stress of 29.12 ksi using the same approach as 
above (calculations not shown) we obtain: 
y Ix 
Element L from top fiber Ly Ly2 about own 
(in.) (in.) (in.2) (in.3) axis (in.3) 
Top Flange 2.136 0.030 0.064 0.002 0.0000 
Bottom Flange 2.136 7.970 17.024 135.681 0.0000 
Web 7.504 4.000 30.016 120.064 35.213 
Top Inside Comer 0.342 0.109 0.037 0.004 0.002 
Bottom Inside Comer 0.342 7.891 2.699 21.296 0.002 
Top Outside Comer 0.190 0.057 0.011 0.001 0.000 
Bottom Outside Comer 0.190 7.943 1.509 11.987 0.000 
Top Lip 0.566 0.325 0.184 0.060 0.009 
Bottom Lip 0.634 7.649 4.849 37.094 0.012 
Sum I 14.040 56.393 326.189 35.238 
-y = l:Ly~ 
= 56.393/14.040 = 4.017 in. below the top fiber 
Ix = [E'l" + lLy2 - ra]t 
= [3S.238 + 326.189 - (4.017)2(14.040)](0.060) = 8.092 in.4 
I 77 
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Se = Ix/Y 
= 8.09214.017 = 2.014 in.3 
M = Sef 
= (2.014)(29.12) = 58.6 kitr"in. ¢. 56.3 kitr"in. 
After several further iterations (not shown) the solution converges to: 
fmax =27.65 ksi 
-y =4.000 in. 
Ix =8.15 in.4 
Se =2.04 in.3 
M =56.3 kip-in. 
An examination of Table ll-3 shows that the web, flange and lip are fully effective 
at a nominal moment of 56.3 kitr"in. From this we could have concluded that the sec-
tion is be fully effective at this nominal moment. 
5. Effective area at a uniform compressive stress of 26.2 ksi 
From section 4 above, it can be concluded that the lip and flange will be fully effective at 
a stress of 26.2 ksi, since they are fully effective at high stress levels. 
Check web 
k = 4.0 
A = 1.~2(~)A 
_ 1.052 (7.504) [i6:2 - 1 961 
- /4.0 0.060 V 29500 - . 
p = (1 - 0.22/'A. )'A. 
= (1 - 0.22/1.961)/1.961 = 0.453 
be = pw 
= (0.453)(7.504) = 3.399 in. 
To fmd Ae, subtract the ineffective area of the web from the gross area 
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t= o.06r In. 
X2 
""- i ,/ 
, I / 
""-, I~' 
___ ~:c.~_. ____ -__________ ~ 
/' 1""-' 
,
/ ' , I ""- 1 0.50 In. 
4.0 In. 
Given: 
1. Steel: Fy = 55 ksi 
2. Section: 4LS4x060 as shown above 
Required: 
1. Effective area at a unifonn compression stress of 14.7 ksi. 
Solution: 
1-79 
See Example 1-4 for derivation of basic parameters. Treat each leg as a uniformly compressed element with 
an edge stiffener (Section B4.2). 
w = 3.504 in. 
t = 0.060 in. 
wIt =3.504/0.060 = 58.4 
S = 1.28jE/f 
= 1.28 j29500/14.7 
= 57.3 
wIt> S, therefore use Case ill 
la = {[115(w/t)/S] + 5} r' 
Ia = {[(I 15)(58.4)/57.3] + 5}(0.060)4 
= 0.00158 in.4 
Is = (d3tsin2e)l12 
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C2 = IslIa S 1 
= 0.0000800/0.00158 = 0.0506 
ka = 5.25 - 5 (D/w) S 4.0 
= 5.25 - 5(0.50/3.504) = 4.54, therefore use 4.0 
ku = 0.43 
n = 1/3 
k = C2(ka - ku) + ku 
= (0.0506)1/3(4.0-0.43) + 0.43 
= 1.75 
ds = C2ds' 
= (0.0506)(0.252) = 0.013 in. 
A = 1.5.2(~) A 
= 1.052 (58.4) /l4.7 
jl.76 V~ 
= 1.034 > 0.673 
P = (1 - 0.221A )/A 
= (1 - 0.2211.034)11.034 
= 0.761 
b = pw 
= (0.761)(3.504) = 2.667 in. 
Summing the effective widths, 
Ae = t[2(bf + ds) + 3u] 
= 0.060[2(2.667 + 0.013) + (3)(0.342)] 
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'~ ... t = 0.060 in. 
- I x2 
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1. Steel: Fy = 33 ksi 
2. Section: 2LU2x06O as shown above 
Required: 
1. Effective section modulus, Se, at f = Fy at the extreme fibers, for flexure about the x-axis 
with compression on the top 
2. Effective area, Ae, at f = 12.0 ksi 
Solution: 
Refer to Example 1-5 for derivation of basic parameters. 
1. Effective section modulus with compression on top (ftange in tension). 
Treat web as unstiffened element with stress gradient (Section B3.2). 
A = 1.~2(~)A 
k = 0.43 
w = 1.752 in. 
wIt =1.752/0.060 = 29.2 
A = 1.052 (29.2) j 33 
IOA3 29500 
= 1.568 
P = (1 - O.22IA)I1 
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p = 0.548 
b = pw 
= (0.548)(1.753) 
= 0.961 














y = l:LyIl:L = 5.323/3.056 = 1.742 in. below top fiber 
Ix = [1:Ix' + 1:Ly2 - y21:L]t 
= [0.076 + 9.583 - (1.742)2(3.056)]0.060 = 0.0231 in.4 
S - Ix = 0.0231 = 0 0133 l'n 3 
t - Yt 1.742' . 




Ly Ly2 own axis 
(in.2) (in.3) (in.3) 
1.223 1.557 0.074 
0.647 1.223 0.002 
3.453 6.803 --
5.323 9.583 0.076 
2. Effective area at f= 12.0 ksi. Treat flanges as uniformly compressed un stiffened element (Section B3) 
f = 12.0 ksi 
k = 0.43 
wIt =1.75210.060 = 29.2 
A = 1.052 (w) fi Ik t 'IE 
A = 1.052(29.2) ~ 
jO.43 '129500 
= 0.945 > 0.673 
P = (1 - 0.22/A)1A 
= (1 - 0.2210.945)/0.945 
= 0.812 
b = pw = (0.812)(1.752) = 1.423 in. 
Effective area 
Ae = tl:L 
= (0.060)[(2)(1.423) + 0.342] 
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Example 1-13: Hat Section - Effective Section Properties Using 
Inelastic Reserve Capacity 
R = 0.1875 in. i 




1. Steel: Fy = 55 ksi 
2. Section: 3HU4.5x135 as shown in sketch above. 





1. Determine the nominal flexural strength, Mn, with compression on the top flange, based 
on initiation of yielding. 
2. Determine the nominal flexural strength, Mn, with compression on the top flange based 
on inelastic reserve capacity. 
3. Determine effective area, Ae, at a unifonn compression stress level of 55 ksi. 
Solution: 
1. Properties of 900 comers: 
Radius to centerline, 
r = R + t /2 = 0.1875 + 0.135/ 2 = 0.255 in. 
Length of arc, u = 1.57r = (1.57)(0.255) = 0.400 in. 
Distance of c.g. from center of radius, 
c = 0.637r = (0.637)(0.255) = 0.162 in. 
I' y of comer about its own centroidal axis 
I' y = 0.149r3 = 0.149(0.255)3 = 0.002 in.3 
2. Nominal Flexural Strength Based on IDitlatiOD of Yielding (Section C3.1.I.a) 
Computation of I,. first approximation: 
. • Assume a compressive stIess of f = Fy = 5S ksi in the top fibers of the section . 
• ·Assume the web is fully effective. 
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Element 3: 
hit = 2.355/0.135 = 17.44 < 200 OK (Section Bl.2--(a». Assumed fully effective 
Element 5: 
wIt = 3.855/0.135 = 28.56 < 500 OK (Section Bl.1--(a)-(2» 
k = 4.0 
A = 1.052 (w) !i 
./k t VB 
= I-m (28.56) j 2iioo = 0.649 < 0.673 
v4.O 
b = w 
= 3.855 in. (Fully effective) 
Effective section properties about x-axis: 
x 





Lx2 own axis 
Element (in.) (in.) (in.2) (in.3) (in.3) 
1 (2)( 1.348) = 2.696 
2 (2)(0.400) = 0.800 
3 (2)(2.355) = 4.710 
4 (2)(0.400) = 0.800 
5 = 3.855 
Sum 1: 12.861 
Distance of neutral axis from top fiber, 







2.272 6.452 0.004 
7.065 10.598 2.177 
0.129 0.021 0.004 
0.262 0.018 -
17.633 40.265 2.185 
Since the distance of the top compression fiber from the neutral axis is less than one half of the beam 
depth, a compressive stress of Fy will not govern as assumed. The actual compressive stress will be less 
than Fy and so the flange will still be fully effective. The tension flange will yield first. Section properties 
will not change. 
Therefore, 
Iy = [1:Lx2 + 1:1' y - i21:L]t 
= [40.265 + 2.185 - (1.371)2(12.861)](0.135) 
= 2.47 in.4 
Check web under actual stress distribution 
fl = (1.049/1.629)(55) = 35.42 ksi (compression) 
f2 = -(1.306/1.629)(55) = -44.09 ksi (tension) 
'II = f'1lfl = -44.09/35.42 = -1.245 
k = 4 + 2( 1 - '1')3 + 2( 1 - 'II) 
= 4 + 2[1- (-1.245)]3 + 2[1- (-1.245)] 
r ---r--------- ---- 11 
1.049 In. ~~F~·--
l·306f -~T In~ ______ 12 
-----' 55 k8I 
(Eq. B2.3-5) 
(Eq~ B2.3-4) 
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k = 31.12 
A - 1.052 (w) fi where f-f 
- /k t yE' - I 
= 1.052 (17.44) /35.42 = 0.114 < 0.673 
J31.12 29500 
b = w 
be = 2.355 in. 
bl = bJ(3 - 'V) 
= 2.355/[3 - (-1.246)] = 0.555 in. 
For'll S -0.236 
b2 = bel2 
= 2.355/2 = 1.178 in. 
bl +b2 = 0.555 + 1.778 = 1.733 in. > 1.049 in. (compression portion of web) 






Se = IyI(d - x) = 2.471(3.000 - 1.371) = 1.52 in.3 
Mn = SeFy (Eq. C3.1.1-1) 
= (1.52)(55) 
= 83.6 kip-in. 
3. Nominal Flexural Strength Based on Inelastic Reserve Capacity (Section C3.1.I.b) 
Compute the maximum compression strain permitted. 
Al - 1.11 
- JFy/E 
= 1.11 = 25.71 
./55/29500 
A2 - 1.28 
- JFy/E 
= 1.28 = 29.64 
./55/29500 
wIt = 28.56 
For 25.71 = Al < wIt < A.2 = 29.69 
Cy = 3-2(~t~ A~I) 
- 3-2(28.56 - 25.71) = 1 55 
- 29.64 - 25.71 . 
(Eq. C3.1.1-2) 
(Eq. C3.1.1-3) 
Therefore, the maximum compression strain permitted is 1.55 times the yield strain, 
eye The tension strain is not limited. 
Compute location of ey on a strain diagram such that the maximum compression 
BUaiD does DOt exceed 1.55 ey and the summation of lonptudiDal forces is zero. Us-
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ing equations from Reck, Pekoz and Winter, "Inelastic Strength of Cold-Formed 
Steel Beams", Journal of the Structural Division, November 1975, ASeE. 
Approximate distance from neutral axis to the outer compression fiber, Yc (not con-
sidering the effect of radiused comers): 
t = 0.135 in. 
bt = 2(1.670) = 3.340 in. 
be = 4.500 in. 
d = 3.000 in. 
Xc = (1/4)(bt - be + 2d) 
Xc = (1/4)[3.340 - 4.500 + 2(3.000)] = 1.210 in. 
xp = xJCy 
= 1.210/1.55 = 0.781 in. 
Xt = d - Xc 
= 3.000 - 1.210 = 1.790 in. 
Xcp = Xc - xp 
= 1.210 - 0.781 = 0.429 in. 
Xtp = Xt - xp = 1.790 - 0.781 = 1.009 in. 
Summing moments of stresses in component plates: 
Mn = Fyt{bexc + 2xcp[xp + (xcpl2)] + (4.3)xp2 + 2xtp[xp + (xtpl2)] + btx£l 
Mn = 55(0.135){4.500(1.210) + 2(0.429)[0.781 + (0.429/2)] + (4/3)(0.781)2 
+ 2( 1.009)[0.781 + (1.009/2)] + 3 .340( 1.790) } 
Mn = 116.5 kip-in. 
Mn shall not exceed 1.25SeFy = 1.25(83.6) = 104.5 kip-in. <-CONTROLS 
Therefore 
Mn = 1.25SeFy = 104.5 kip-in. 
The inelastic reserve capacity can be used because: 
(1) The ratio of depth of the compressed portion of the web to its thickness does not 
exceed AI: 
(1.210 - 0.323)/0.135 = 6.57 < Al = 25.71 OK 
(2) The angle between any web and the vertical does not exceed 30°. 
and as long as: 
(3) The member is not subject to twisting, lateral, torsional, or torsional-flexural 
buckling. 
(4) The effect of cold-forming is not included in determining the yield point, Fy• 
(5) The shear force does not exceed O.3SFy tim~s the web area, h x t. 
4. Effective Area at a UDiform Stress 01-1=55 ksI (SeetIonC4) 
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Element 1: Unifonnly Compressed Un stiffened Element (Section B3.1) 
wIt = 1.348/0.135 = 9.99 
k = 0.43 
A = 1.052 (w) !i jk t VE 
= 1.052 (9.99) j 55 
/0.43 29500 
= 0.692 > 0.673 
P = (1 - 0.22/A)1 A 
= (1 - 0.2210.692)/0.692 = 0.986 
b = pw 
= (0.986)(1.348) = 1.329 in. 
Element 5: Unifonnly Compressed Stiffened Element (Section B2.1) 
wIt = 3.855/0.135 
= 28.56 
k = 4.0 
A. = 1.C)J} (28.56) j 2iffoo = 0.649 < 0.673 
v4.O 
b = w 
= 3.855 in. (Fully effective) 
Element 3: Uniformly Compressed Stiffened Element (Section B2.1) 
By inspection: 
The element is the same thickness as element 5, but is not as wide; therefore, the ele-
ment will be fully effective. 
b = w 
= 2.355 in. 
Effecti ve Area: 
L 
Element (in.) 
1 (2)( 1.329) = 2.658 
2 (2)(0.400) = 0.800 
3 (2)(2.355) = 4.710 
4 (2)(0.400) = 0.800 
5 = 3.855 
Sum 1: 12.823 
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Example 1-14: Wall Pan,1 Section - Effective Section Properties 
R = 0.125 in. 
(typ) 
3.00 In. 3.00 in. 3.00 in. 3.00 In. 2.00 In. 
14.00 in. 
Given: 
1. Steel: Fy = 50 ksi 
2. Section: Shown in sketch above. Refer to Example 1-7 for gross properties of elements. Section is as-
sumed to be fully braced against member buckling. 
Required: 
1. Nominal flexural strength per panel, Mo, for positive and negative bending. 
2. Effective moment of inertia at a service load of 7.91 kip-in. per panel with compression on the top. Use 
Procedure II from Part (b) of Section B2.1 to compute effective widths of stiffened elements at service 
load. 
Solution: 
1. Section Modulus for Nominal Flexural Strength - Compression on Top 
From Example 1-7, the neutral axis is 1.186 in. below the top fibers of the gross cross-section (below the 
mid depth); therefore, the compression stress at the top fiber will govern and will equal Fy• 
Unstiffened Lip of Element 1 from Section B3.1(a) 
A = 1.052 (w) fi (Eq. B2.1-4) 
./k. t VE 
w = 0.250 in. 
k = 0.43 
f = Fy 
A = 1.052 (0.250) !50 = ° 550 jO.43 0.030 V 29500 . 
p = 1 for A. S 0.673 
b = w = 0.250 in. 
Stiffened Flat Elements of Element 1 with Stress Gradient from Section 82.3 
(Eq. B2.1-4) 
By inspection, the stress level will be the same as that of the unstiffened element and k win be ~t least 
4.0. Consequently, the element will be fully effective, since the unstiffened element was fully effective 
and the length is the same . . 
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Element 2 from Section 84.2(a) 
wIt = [3.000 - 3(0.125 + 0.030/2)]/0.030 = 86.0 
f = Fy = 50 ksi 
S = 1.28 JEff = 1.28 j29500/50 = 31.091 
w /t ~ S therefore use Case III 
n = 1/3 
Ia = (0.030)4 [115(86.0/31.09) + 5] = 0.000262 in.4 
Is = I'lt = (0.0314)(0.030) = 0.00094 in.4 (from Example 1-7) 
C2 = Islla ~ 1 
= 0.00094/0.000262 = 3.59 :. use 1 
ku = 0.43 
ka = 4.0 
k = C~ (ka - ku) + ku 
= (1)11\4.0 - 0.43) + 0.43 = 4.0 
A = I.p2 (86.0) j 2i5~ = 1.862 
P = (1 - 0.22/1.862)/1.862 = 0.474 
b = pw = 0.474 [3.000 - 3(0.140)] = 1.223 in. 
As = C2A's = (1.0)( 1.160)(0.030) = 0.0348 in.2 
Element 9 from Section 83.2(a) 
w = 0.415 - 0.030 - 0.125 = 0.260 in. 
k = 0.43 
f < Fy, use Fy as a conservative value 
_ 1.052 (0.260) j 50 = 0 572 
- j0.43 0.030 29500 . 
P = 1 for A ~ 0.673 
b = w = 0.260 in. 
Element 3 from Section 84.2(a) 
wIt = [2 - 2(0.140)]10.030 = 57.33 
f = Fy 
S = 1.28 JEff = 1.28 j295OO/50 = 31.09 
wIt ~ S :. use Case III 
n = 1/3 
Ia = (0.030)4 [115(57.33/31.09) + 5] = 0.000176 in.4 
Is = d3tJ12 























== IslIa ~ 1 
== 0.000044/0.000176 == 0.25 
== 0.43 
== 0.415/[2 - 2(0.140)] = 0.241 < 0.8 OK 
== 5.25 - 5(D/w) ~ 4.0 
== 5.25 - 5(0.241) = 4.05 :. use 4.0 
== (0.25) 1/3 (4.0 - 0.43) + 0.43 == 2.68 
== 1.052 (57.33) /50 = 1.517 
)2.68 V 29500 
For A = 1.517 > 0.673 
P == (1 - 0.22/1.517)/1.517 = 0.564 
b == pw = 0.564 [2.000 - 2(0.140)] = 0.970 in. 
ds == C2d's 








Effective section properties about x-axis, assuming element 5 is fully effective: 
y 
L from top fiber Ly 
Element (in.) (in.) (in.2) 
1 1.160 0.321 0.372 
2 1.223 0.015 0.018 
3 0.970 0.015 0.015 
4 0.660 0.066 0.044 
5 3.440 1.015 3.492 
6 4.788 2.015 9.648 
7 2.396 1.840 4.409 
8 2.068 2.015 4.167 
9 0.065 0.188 0.012 
10 0.440 1.964 0.864 
Suml: 17.210 23.041 
-
y == l:LyILL 
== 23.04/17.210 = 1.339 in.; below mid depth as assumed 
Ix = [l:Ly2 + :EI' x - y2:EL]t 
= [41.315 + 0.913 - (1.339)2(17.210)](0.030) = 0.341 in.4 
Sxt == Ix/y cg = 0.34111.339 = 0.255 in.3 
I'x 
about 













Mn = SeFy = 0.255(50) = 12.8 kip-in (Eq. C3.1.1-1) 
Element 5 from Section B2.3(a): check assumption that element is fully etTective 
Ycg = 1.339 in. 
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fl = [( 1.339 - 0.125 - 0.030)/1.339](50) 
= 44.21 ksi 
f2 = -[(2.030 - 0.125 - 0.030 - 1.339)/1.339](50) 
= -20.01 ksi 
'V = f2/ fl = -20.01144.21 = -0.453 
k = 4 + 2(1 - 'V)3 +2(1 - 'V) 
= 4 + 2[1 - (-0.453)]3 + 2[1 - (-0.453)] = 13.04 
f = fl 
A. = 1.052 (2.030-2(0.155») j 44.21 = 0.647 
j13.04 0.030 29500 
For A. = 0.647 < 0.673 
be = w = 2.030 - 2(0.030 + 0.125) = 1.720 in. 
bl = be/(3 - 'V) 
= 1.720/[3 - (-0.453)] = 0.498 in. 
For 'V ~ -0.236 
b2 = be/2 
= 1.720/2 = 0.860 in. 
We = 1.339 - 0.030 - 0.125 = 1.184 in. 
bl + b2 = 0.498 + 0.860 = 1.358 in. > We = 1.184 in. 
f 
50 ksi r .. -- .. -.--. -.----. '1 
1.339 in. 
1.184 in. I ~ -t----
0.536 in. 0.691 in. 







Thus element 5 is fully effective so properties above are correct. 
2. Moment of Inertia for Deflection Determination - Compression on Top, Ms = 7.91 kip-in. 
For computation of Ieff, first approximation, assume a compressive stress of f = 30 ksi in the top fibers 
of the section. Since all elements except 2, 3 and 9 were fully effective at 50 ksi, they will still be fully 
effective at this lower stress level. 
Element 2 from Section B4.2(b) 
w = 3.000 - 3(0.140) = 2.580 in. 
S = 1.28 JE/f = 1.28 J295OO/30 = 40.14 
w/t= 2.580 I 0.030 = 86.0 > S, therefore use Case III 
la = (0.030)4 [115(86.0/40.14) + 5] = 0.000204 in.4 
Is = 0.00094 in.4 
C2 = Islla -> 1 by inspection 
ka = 4.0; ku = 0.43 
k = (1)113 (4.0 - 0.43) + 0.43 = 4.0 






1-92 Dimensions and Properties for use with the 1996 AISI Cold-Formed Steel Specification 
AC = 0.256 + 0.328(w/t) jFy/E 
= 0.256 + 0.328(2.58010.030) j50/295OO= 1.417 
A~Ac 
P = (0.41 + 0.59J50/30 - 0.22/1.443) I 1.443 = 0.706 
b = pw = 0.706(2.580) = 1.822 in. 
As = C2A's = (1.0)(0.0348) = 0.0348 in.2 
Element 3 from Section B4.2(b) 
w = 2.000 - 2(0.140) = 1.720 in. 
S = 1.28 JEff = 1.28 )29500/30 = 40.14 
w/t= 1.72010.030 = 57.33 > S, therefore use Case III 
Ia = (0.030)4 [115(57.33/40.14) + 5] = 0.000137 in.4 
C2 = Ig/Ia = 0.000044/0.000137 = 0.321 
ku = 0.43 
D/w= 0.415/1.720 = 0.241 < 0.8 OK 
ka = 5.25 - 5(0.241) = 4.05 :. use 4.0 
ka = 4.0 
k = (0.321)113 (4.0 - 0.43) + 0.43 = 2.87 
A = 1.052(57.33) ~= 1.135 
j2.87 V 29500 
Ac = 0.256 + 0.328(1.72010.030)j50/295oo = 1.030 
A~Ac 
p = (0.41 +0.59)50/30-0.22/1.135)/1.135=0.862 
b = pw = 0.862(1.720) = 1.483 in. 
ds = C2d's 
= (0.321 )(0.260) = 0.084 in. 
Effective section properties about x-axis 
y 
L from top fiber 
Element (in.) (in.) 
1 1.160 0.321 
2 1.822 0.015 
3 1.483 0.015 
4 0.660 0.066 
5 3.440 1.015 
6 4.788 2.015 
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8 2.068 2.015 4.167 8.397 -
9 0.084 0.197 0.017 0.003 -
10 0.440 1.964 0.864 1.697 0.001 
Sum 1: 18.341 23.062 41.316 0.913 
-Y = 1:Ly/l:L = 23.062118.341 = 1.257 in. 
2 ' -2 Ix = [1:Ly + 1:1 x - Y l:L]t 
= [41.316 + 0.913 - (1.257)2(18.341)](0.030) = 0.398 in.4 
Sxt= Ix/Yeg = 0.398/1.257 = 0.317 in.3 
Mn= Sef = 0.317(30) = 9.51 kip-in> Ms = 7.91 kip-in. 
To determine compression stress f in the top fibers of the section M = 7.91 kip-in., extrapolate using 
M = 12.8 kip-in., f = 50 ksi 
M = 9.51 kip-in., f = 30 ksi 
M = 7.91 kip-in., determine fby interpolation 
(12.8 - 9.451)/(50 - 30) = (9.51 -7.91)1(30 - f) 
f = 20.27 ksi 
For the second approximation, assume a compression stress of f = 20.27 ksi in the top fibers of the sec-
tion. 
Element 2 from Section B4.2(b) 
w = 2.580 in. 
Ae = 1.417 
S = 1.28 JEff = 1.28 j29500/20.27 = 48.83 
w/t= 2.58010.030 = 86.0> S, therefore use Case III 
Ia = (0.030)4 [115(86/48.83) + 5] = 0.000168 in.4 
C2 = Islla = 0.0009410.000168 = 5.60 > 1 Use C2 = 1.0 
k = (1.0)1/3 (4.0 - 0.43) + 0.43 = 4.0 
A = 1.~2(86.0) ji~5~ = 1.186 < Ac 
For A.= 1.186 > 0.673 
P = (1.358 - 0.46111.186)/1.186 = 0.817 
b = pw = 0.817(2.580) = 2.108 in. 
As = A's = 0.0348 in.2 
Element 3 from Section B4.2(b) 
w = 1.720 in. 
A.e = 1.030 
S = 1.28 JEff = 1.28 )29500/20.27 = 48.83 
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Ia = (0.030)4 [115(57.33/48.83) + 5] = 0.000113 in.4 
C2 = IslIa = 0.000044/0.000113 = 0.389 
k = (0.389)1/3 (4.0 - 0.43) + 0.43 = 3.04 
1 052 20.27 A = )3.04 (57.33) 29500 = 0.907 < Ac 
p = 0.358 - 0.46110.907)/0.907 = 0.937 
b = pw = 0.937(1.720) = 1.612 in. 
ds = C2d's 
= (0.389)(0.260) = 0.101 in. 
Effective section properties about x-axis 
y 











Element (in.) (in.) (in.2) (in.3) (in.3) 
1 1.160 0.321 
2 2.108 0.015 
3 1.612 0.015 
4 0.660 0.066 
5 3.440 1.015 
6 4.788 2.015 
7 2.396 1.840 
8 2.068 2.015 
9 0.101 0.206 
10 0.440 1.964 
Suml: 18.773 
-y = l:Ly~L = 23.073/18.773 = 1.229 in. 
Ix = [l:Ly2 + l:1'1 - y2l:L]t 
= [41.317 + 0.913 - (1.229)2(18.773)](0.030) 
= 0.416 in.4 
Sxt= Ix/Ycg = 0.416/1.229 = 0.338 in.3 
Mn= Sef = 0.338(20.27) = 6.85 kip-in < Ms = 7.91 kip-in. 
0.372 0.120 0.031 
0.032 - -
0.024 - -
0.044 0.003 0.001 
3.492 3.544 0.848 
9.648 19.440 -
4.409 8.112 0.032 
4.167 8.397 -
0.021 0.004 -
0.864 1.697 0.001 
23.073 41.317 0.913 
To determine compression stress f in the top fibers of the section M = 7.91 kip-in., interpolate using 
M = 9.51 kip-in., f = 30 ksi 
M = 6.85 kip-in., f = 20.27 ksi 
M = 7.91 kip-in., determine f by interpolation 
(9.51 - 6.85)/(30 - 20.27) = (9.51 - 7.91 )/(30 - f) 
f = 24.15 ksi 
For the third approximation, assume a compression stress of f = 24.15 ksi in the top fibers of the section. 
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Repeating the previous calculations (not shown) with f = 24.15 ksi gives: 
Ie = 0.408 in.4 
Se = 0.329 in.3 
M = Sef 
= (0.329)(24.15) = 7.95 kip-in. == 7.91 kip-in . 
Therefore 
Ix = 0.408 in.4 
3. Section Modulus for Nominal Flexural Strength - Compression on Bottom 
Since the neutral axis may be closer to the compression flange than to the tension flange, the compression 
stress is unknown, and therefore the effective width of the compression flange and section properties 
must be determined by an iterative method. 
By inspection, elements 1,2,3,4,5, and 9 are in tension and are therefore fully effective. Assume com-
pression stress will govern, i.e., f = Fy = 50 ksi in the bottom compression fibers of the section. 
Check the adequacy of the intermediate stiffeners per section B5. Element 6 controls. 
Element 6 from Section B5( d) 
wit = [3.000 - 0.140 - 0.5(0.932)]/0.030 = 79.8 
Imirlt4 = 3.66 j(w It)2 - (0. 136E)/Fy ~ 18.4 
Imin/t4 = 3.66j(79.8)2 - (0.136)(29500)/50 = 290.2 
From Example 1-7 
l/t4 = (0.0159)(0.030)/(0.030)4 = 589 > 290.2 OK 
k = 4.0 
l.052 {50 
= j4.0 (79.8) V '29560- = l.728 
For A > 0.673 
P 
b 
= (l - 0.2211.728)11.728 = 0.505 
= pw = 0.505(2.394) = 1.209 in. 
wit = 79.8> 60 
= ¥ -0.10 (~ - 60) 
[ 1.209 ] . = 0.030 -0.10(79.8 - 60) 0.030 = 1.150 m. 
Element 7 from Section B5( d) 
60 < wit = 79.8 < 90 
IX = (3 - 2belw) - 10 (1 - ~ )(~) 
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Lef= aLst = 0.657 (2)(1.198) = 1.574 in. 
Element 8 from Section B5( d) 
wIt = (3.000 - 0.932)/0.030 = 68.93 > 60 
k :::: 4.0 
A = 1.f)#: (68.93) j 29~~ = 1.493 
v4.O 
p :::: (1 - 0.2211.493)/1.493 :::: 0.571 
b :::: pw:::: 0.571(2.068) :::: 1.181 in. 
be :::: 0.030[(1.18110.0300 - 0.10(68.93 - 60)] :::: 1.154 in. 
Effective section properties about x-axis, assuming element 5 is fully effective: 
y 
L from top fiber Ly Ly2 
Element (in.) (in.) (in.2) (in.3) 
1 1.160 0.321 0.372 0.120 
2 2.580 0.015 0.039 0.001 
3 1.720 0.015 0.026 -
4 0.660 0.066 0.044 0.003 
5 3.440 1.015 3.492 3.544 
6 2.300 2.015 4.635 9.339 
7 1.574 1.840 2.896 5.329 
8 1.154 2.015 2.325 4.685 
9 0.260 0.285 0.074 0.021 
10 0.440 1.964 0.864 1.697 
Sum 1: 15.288 14.767 24.739 
-y :::: 1:LyI1:L:::: 14.767/15.288 :::: 0.966 in. 
yc :::: 2.030 - 0.966:::: 1.064 in. > 2.030/2 = 1.015 in. 
Therefore, compression stress controls as assumed. 
Ix = [1:Ly2 + 1:1' x - y21:L]t 
= [24.739 + 0.914 - (0.966)2(15.288)](0.030) :::: 0.342 in.4 
Sxt :::: Ix!y = 0.342/0.966 :::: 0.354 in.3 
Sxb :::: 0.342/(2.030 - 0.966) = 0.321 in.3 
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Element 5 from Section B2.3(a): check assumption that element is fully effective 
f} = [(1.064 - 0.125 - 0.030)/1.064](50) 
= 42.72 ksi r ----r-------------12 
0.811 in. 0.966 in. f2 = -[(0.966 - 0.125 - 0.030)/1.064](50) 
= -38.11 ksi 
'JI = f21 f} = -38.11142.72 = -0.892 
k = 4 + 2(1 - 'JI)3 +2(1 - 'JI) 
= 4 + 2[1 - (-0.892)]3 + 2[1 - (-0.892)] = 21.33 
f = f} 
--~---




A. = 1.~2 (~) Ii (Eq. B2.1-4) 
__ 1.052 (2.030-2(0.155») 42.72 0497 
/21.33 0.030 29500 = . 
For A = 0.497 < 0.673 
be = W = 1.720 in. 
b} = be/(3 - 'V) 
= 1.720/[3 - (-0.892)] = 0.442 in. 
For 'V ~ -0.236 
b2 = be/2 
= 1.720/2 = 0.860 in. 
We = 1.064 - 0.030 - 0.125 = 0.909 in. 
b} + b2 = 0.442 + 0.860 = 1.302 in. > We = 0.909 in. 
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3.7 Special Topics 
Example 1-15: Strength Increase From Cold Work Of Forming 
t= 0.102 in. 
a.Oin. 
Given: 
1. Steel: Fy = 55 ksi and Fu = 70 ksi 
2. Section 8CS1.625xl02 as shown above. 
3. Section to be used as a beam. 
Required: 
Determine the average tensile yield point of steel, Fya, for the flange considering the in-
crease in strength resulting from the cold work of forming. 
Solution: 
1. Check the limitations 
a. In order to use Eq. A 7.2-1 for computing the average tensile yield point for the beam flange, the 
channel section must be such that the quantity p is unity as determined according to Section B2 for 
each of the component elements of the section, i.e., the channel section must be fully effective (Sec-
tion A7.2). 
Whether the channel section is fully effective or not can be determined either by computations or by 
comparison of Sx from Table 1-1 and Se from Table II-I based on Fy = 55 ksi. If Se = Sx then the 
channel section is fully effective. The second method is used in this example. 
Sx =2.406in.3 (From Table 1-1) 
Se =2.406in.3 (from Table II-I) 
Therefore, section is fully effective. Eq. A 7.2-1 can be used to determine Fya. 
b. Eq. A 7.2-2 is applicable only when FuvlFyv ~ 1.2, Rlt ~ 7 and the minimum included angle ~ 1200 • 
FuvlFyv = 70155 = 1.27 > 1.2 OK 
Rlt = 0.194/0.102 = 1.90 ~ 7 OK 
e = 900 < 1200 OK 
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Therefore, Eq. A7.2-2 can be used to determine Fyc 
2. Determination of F yc 
Be = 3.69(FuylFyy) - 0.819 (FuylFyy)2 - 1.79 
= 3.69( 1.27) - 0.819(1.27)2 - 1.79 = 1.575 
m = 0.192(FuylFyy) - 0.068 
= 0.192(1.27) - 0.068 = 0.176 
Fye = BeFyy/(Rlt)m 
= 1.575(55)/(1.90)0.176 = 77.37 ksi 
3. Determination of F ya 
r = R + t 1 2 = 0.194 + 0.102 / 2 = 0.245 in. 
Cross-sectional area of comer = (1t 1 2)(0.245)(0.102) = 0.0393in.2 
Total comer cross-sectional area of the controlling flange 
= (0.0393)(2) = 0.0785 in.2 
Full cross-sectional area of the controlling flange 
= 0.0785 + (1.033)(0.102) = 0.1839 in.2 
C = 0.0785 /0.1839 = 0.427 
Fya = CFye + (1 - C)Fyf 
=(0.427)(77.37) + (1- 0.427)(55) = 64.6 ksi 
1-99 
(Eq. A 7.2-3) 
(Eq. A7.2-4) 
(Eq. A 7.2-2) 
(Eq. A 7.2-1) 
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Example 1-16: Shear Lag 
0.323 in.---.. 7354 . In. 
-0 .161 .in. 
1/ ~ Compression flange in bending , , 







----+-----+ 11) ('I') ,....: I x 
I 
--+ ~t I = 0.135 in. 
~R = 0.1875 in. 
~ Tension flange in bending ~ 
8.0 in. 
Given: 
1. Steel: Fy = 50 ksi 4. Loading: Concentrated load at midspan 
2. Section 8 x 8 x 0.135 square tube 
3. Span: L = 3 ft., with simple supports 
Required: 
5. Agross = 4.19 in.2 
6. Igross = 42.8 in.4 
1. Determine the ASD design flexural strength, Mn/Qb 
2. Detennine the LRFD design flexural strength, <t>bMn 
SoLution: 
t. Determination of the nominal moment, Mm based on initiation of yielding (Section 
C3.t.t): 
Computation of Ix: 
Check compression flange in accordance with Section B2.1 with f = 50 ksi and k = 4.00 
(stiffened compression element supported by a web on each longitudinal edge). The 
compression flange is found to have an effective width of 5.071 in. by calculation (not 
shown). 
Check webs in accordance with Section B2.3 (Stiffened Elements with Stress Gradi-
ent). The reduced effective width of the compression flange will cause the neutral axis 
to shift towards the tension flange. Using fl and f2 for the new position of the neutral 
axis, the webs are found to be fully effective by calculation (not shown). 
The net section properties can then be calculated as: 
Ix = 37.7 in.4 
Se = 8.74 in.3 
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Mn= 437 kip-in. 
2. Determination of the nominal moment, Mn, based on shear lag consideration (Sec-
tion Bl.l(c»: 
Wf = [8.000 - (2)(0.135)]/2 = 3.865 in. 
L/Wf = (3)(12)/3.865 == 9.314 < 30 
Because the L/wfratio is less than 30, and the member carries a concentrated load, con-
sideration of shear lag is required. 
Interpolating from Table B 1.1(c): 
for L/Wf == 10, effective design width/actual width = 0.73 
for L/Wf == 8, effective design width/actual width = 0.67 
1-101 
for UWf = 9.314, effective design width/actual width = 0.67 + (0.7?0 -=-°867)(9.314 - 8) = 0.71 
Therefore, the maximum effective design widths of the compression and tension 
flanges are 0.71 [8 - (2)(0.135)] = 5.488 in. 
bmax = 5.481 - 2R = 5.488 - (2)(0.1875) = 5.113 in. > 5.071 in. (per Section B2.1) 
Recalculate properties using an effective compression flange width of 5.071 inches 
(governed by Section B2.1) and an effective tension flange width of 5.1] 3 inches (gov-
erned by Section B 1.1). 
Ix = 33.4 in.4 
Se = 8.34 in.3 
Mn = (8.34)(50) = 4] 7 kip-in. 
3. Determination of the ASD design Dexural strength: 
M ~ Mn/Qb 
Qb = 1.67 
M ~ 41711.67 = 250 kip-in. 
4. Determination of the LRFD design Dexural strength: 
Mu ~q,bMn 
<Pb = 0.95 
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Example 1-17: Flange Curling 
Given: 
1. Steel: Fy = 50 ksi 
. 5 
o 




2. Section 8CU 1.25xO.057 as shown above 
1.006 in. 
N 
R = 0.1875 in. 
t = 0.057 in . 
x 
------
3. Compression flange braced against lateral buckling 
4. MOL = Service Dead Load Moment = 8.0 kip-in. 
MLL = Service Live Load Moment = 24.0 kip-in. 
Required: 
Determine the amount of curling for the compression flange under dead load plus live load 
service conditions. 
Solution: 
1. Determination of the average stress in compression flange, fa", at the service moment Ms: 
Ms = MOL+MLL 
= 8.0 + 24.0 = 32.0 kip-in. 
The procedure is iterative: one assumes the actual compressive stress f under this ser-
vice moment Ms. Knowing f, proceed as usual to obtain Se and check to see if (f x Se) is 
equal to Ms. If not, reiterate until one obtains the desired level of accuracy. 
Properties of 90° comers: 
r =R + tl2 = 0.1875 + 0.057/2 = 0.216 in. 
Length of arc, u = rc/2r = rc/2 x 0.216 = 0.339 in. 
Distance of c.g. from center of radius, 
c =0.637r = (0.637)(0.216) = 0.138 in. 
a. For the first iteration, assume a compression stress of f = Fy/2 = 27.5 ksi in the top 
fibers of the section and that the web is fully effective. 
Compression flange: k = 0.43 (unstiffened compression element) 
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w/t= 1.006/0.057 = 17.65 < 60 OK (Section B 1.1-(a)-(3» 
A =1.~2(~)A 
= 1~ (17.65) ~;5~~ = 0.865 > 0.673 
,,0.43 
P =w = [1 - (0.22/A)]/A 
=[1 - (0.22/0.865)] 10.865 = 0.862 
b =pw 
=(0.862)(1.006) 
= 0.867 in. 
Effective section properties about x-axis 
Y 
L from top fiber 
(in.) (in.) 
Element 
Web 7.511 4.000 
Upper Comer 0.339 0.107 
Lower Comer 0.339 7.893 
Compression Flange 0.867 0.0285 
Tension Flange 1.006 7.9715 
SumI'. 10.060 
Distance from top fiber to x-axis is 
-y = l:Ly/l:L 

















Since the distance of the top compression fiber from the neutral axis is greater than one-
half the beam depth, a compression stress of 27.5 ksi will control as assumed. 
Calculations (not shown) using Section B2.3 demonstrate that the web is fully effective 
at this stress level. 
Ix = [I'.Ly2 + l:I' x - Y2I'.L]t 
= [205.227 + 35.31 ] - (4.055)2(10.060)] (0.057) 
= 4.280 in.4 
Se = Ixiy 
= 4.280/4.055 
= 1.06 in.3 
M = f Se = (27.5)(1.06) 
= 29.2 kip-in. < Ms = 32.0 kip-in. 
Therefore, another iteration, increasing f, is required. 
Further iterations (not shown) demonstrate that at f = 30.6 ksi, M = Ms. At this stress, the 
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fay = f(b/w) = 30.6(0.83711.006) = 25.46 ksi 
2. Determination of the curling of the compression flange, Cr 
Wf = 1.250 - 0.057 = 1.193 ini 
Wf = jO.06ltdE/fav i(l00cf/d) (Eq. B1.1-1) 
Solving for Cf: 
1.193 = jO.061 (0.057)(8.0)(29500)/25.46 ~ 1 OOcr/8 
1.193 = 5.677 'V12.5cf 
~12.5cf = 1.193/5.677 
12.5cf = (0.2101)4 
cf = 0.001950112.5 
= 0.00016 in. 
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PART II - BEAM DESIGN 
SECTION 1 - BENDING 
1.1 Notes On The Tables And Curves 
(a) The specific sections listed in these tables are not necessarily stock sections. They 
are included primarily as a guide in the design of cold-formed steel structural 
members. The section designations correspond to those for which dimensions 
and properties are given in Tables I-I to 1-4 and 1-7. 
(b) The effective section modulus values are calculated as the effective moment of 
inertia at the indicated stress level divided by the distance to the extreme fiber. In 
calculating the maximum moment capacity of these sections, additional checks 
such as the provisions of Chapter C of the Specification or the information on lat-
erally unbraced compression flanges in Part VII should also be taken into account 
where applicable. 
(c) As a general rule, tabulated section properties are shown to three significant fig-
ures, while dimensions are given to three decimal places. However, in some cases 
space limitations made it impractical to adhere strictly to this guideline. 
(d) Where they apply, the algebraic formulae presented in Section 3 of Part I formed 
the basis of the calculations for these tables. 
(e) The effective section properties listed in Tables II-I to II-7b inclusi ve were com-
puted for bending about the x-axis using Fy = 33 ksi and 55 ksi. 
(f) The values labeled Ie in Tables II-I through 11-5 are effective moments of inertia 
calculated at nominal moments that are 60 percent ofMnxo. They represent lower 
bound values of Ix for use in estimating deflections at ordinary service loads. 
(g) The values in the columns labeled Mweb, Mtlange and Mlip in Tables II-] through 
11-4 are the highest nominal moments at which the web, flange and lip (if applica-
ble) respectively are fully effective. These values may be used to determine if 
each of the elements is fully effective at a given nominal moment. These values 
are only meaningful where they do not exceed Mnxo for the section and yield 
stress in question. 
(h) In Charts II-I a, II-I b, II-2a and II-2b the nominal flexural strength, Mn, is given 
as a function of unbraced length. In these charts the torsional unbraced length is 
assumed to equal the y-axis unbraced length. 
(i) Tables 11-6a and 11-7a incorporate factors of safety and are valid for ASD use 
only. Tables II-6b and II-7b incorporate resistance factors and are valid for 
LRFD use only. The values given in all other tables must be modified by factors 
of safety (ASD) or resistance factors (LRFD). See the appropriate Specification 
sections for more information. 
1.2 Beam Property Tables 
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Table 11-1 C Beam Properties C-Sections With Lips 
Maximum Effective 
Fy = 33 ksi Fy = 55 ksi Moment 2 
Section V 1 Mnxo 1 Se Ie Vn 1 Mnxo 1 Se Ie Mweb n Mflange Mlip kips kip-in. in.3 in.4 kips kip-in. in.3 in.4 kip-in. kip-in. kip-In. 
16CS3.75x135 23.0 417 12.6 108 23.0 639 11.61 105 706 332 193 
16CS3.75x105 10.8 307 9.30 84.8 10.8 409 7.44 80.7 341 185 104 
16CS3.75x090 6.77 237 7.19 71.8 6.77 333 6.06 67.8 220 129 72.0 
16CS3.75x075 3.91 182 5.51 58.5 3.91 246 4.47 51.6 132 84.2 47.7 
14CS3.75x135 26.5 343 10.4 78.0 26.5 522 9.49 76.0 696 274 159 
14CS3.75x105 12.4 251 7.62 61.4 12.4 362 6.58 57.5 334 153 85.8 
14CS3.75x090 7.79 208 6.30 51.4 7.79 293 5.33 48.3 214 107 59.7 
14CS3.75x075 4.50 160 4.86 41.7 4.50 216 3.92 39.3 128 69.7 39.5 
14CS3.75x060 2.30 110 3.32 32.7 2.30 150 2.73 30.1 68.7 41.4 24.4 
12CS3.75x135 26.6 275 8.34 53.9 31.2 415 7.55 52.6 740 221 129 
12CS3.75x105 14.6 201 6.08 42.5 14.6 306 5.56 39.2 359 124 69.3 
12CS3.75x090 9.17 165 5.01 35.6 9.17 254 4.61 32.8 232 86.2 48.2 
12CS3.75x075 5.29 139 4.22 28.3 5.29 185 3.37 26.9 139 56.3 31.9 
12CS3.75x060 2.70 94.3 2.86 22.2 2.70 128 2.33 21.9 74.2 33.4 19.8 
12CS1.625x102 13.2 147 4.46 26.8 13.2 245 4.46 26.8 365 531 399 
12CS1.625x071 4.40 106 3.22 19.3 4.40 156 2.84 19.3 122 195 156 
11CS3.75x135 26.6 244 7.38 43.8 34.2 366 6.65 42.8 736 196 114 
11 CS3.75x1 05 16.0 177 5.37 34.6 16.0 269 4.88 31.9 357 110 61.5 
11 CS3.75x090 10.1 146 4.42 29.0 10.1 234 4.25 26.4 230 76.6 42.8 
11 CS3.75x075 5.80 123 3.74 23.0 5.80 170 3.09 21.7 138 50.0 28.4 
11 CS3. 75x060 2.96 86.8 2.63 17.9 2.96 118 2.14 18.0 73.7 29.7 17.6 
10CS3x135 26.6 198 5.99 30.4 34.3 313 5.70 30.1 748 264 154 
10CS3x105 16.1 154 4.65 23.9 17.7 229 4.17 23.8 354 146 82.2 
10CS3x090 11.1 126 3.82 20.6 11.1 190 3.45 20.1 226 101 57.0 
10CS3x075 6.42 100 3.03 17.3 6.42 155 2.83 16.2 134 65.9 37.6 
10CS3x060 3.28 79.4 2.41 13.4 3.28 107 1.94 12.7 79.0 39.0 23.2 
1 OCS 1.625x1 02 15.2 111 3.37 16.8 16.1 185 3.37 16.8 381 449 316 
10CS1.625x071 5.32 80.4 2.44 12.2 5.32 134 2.43 12.2 134 165 133 
1 OCS 1.625x057 2.73 65.7 1.99 10.0 2.73 91.7 1.67 9.96 69.5 93.1 80.2 
9CS3x135 22.0 171 5.17 23.6 34.3 270 4.91 23.4 804 228 133 
9CS3x105 16.1 133 4.02 18.6 19.9 197 3.58 18.5 387 126 71.1 
9CS3x090 11.8 109 3.29 16.1 12.5 163 2.96 15.7 248 87.8 49.3 
9CS3x075 7.19 86.0 2.61 13.5 7.19 137 2.50 12.5 148 57.1 32.5 
9CS3x060 3.67 68.5 2.08 10.4 3.67 96.1 1.75 9.75 78.9 33.8 20.1 
8CS1.625x102 15.2 79.4 2.41 9.62 19.6 132 2.41 9.62 400 348 226 
8CS1.625x071 6.72 57.8 1.75 7.00 6.72 96.1 1.75 7.00 137 134 95.4 
8CS1.625x057 3.44 47.3 1.43 5.74 3.44 75.3 1.37 5.74 73.9 76.4 61.5 
8CS 1 .625x045 1.68 37.9 1.15 4.60 1.68 48.8 0.887 4.60 39.3 42.5 39.8 
5.5CS1.625x102 9.91 46.1 1.40 3.84 16.5 76.8 1.40 3.84 394 201 131 
5.5CS1.625x071 7.36 33.9 1.03 2.82 9.50 56.4 1.03 2.82 124 78.4 55.9 
5.5CS 1.625x057 4.74 27.9 0.845 2.32 5.10 44.7 0.813 2.32 65.2 45.7 36.2 
11-4 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 1 C Beam Properties C-Sections With Lips 
Maximum Effective 
Fy = 33 ksi Fy = 55 ksi 
Section V 1 Mnxo 1 Se Ie Vn 1 Mnxo 1 Se Ie Mweb n 
kips kip-in. in.3 in.4 kips kip-in. in.3 in.4 kip-in. 
5.5CS1.625x045 2.48 22.4 0.678 1.87 2.48 33.5 0.608 1.87 36.7 
5.5CS1.625x035 1.16 16.9 0.511 1.47 1.16 23.6 0.428 1.47 19.8 
4CS4x135 8.63 63.9 1.94 4.57 14.4 91.7 1.67 4.36 660 
4CS4x105 6.84 45.3 1.37 3.65 11.4 71.3 1.30 3.13 312 
4CS4x090 5.92 36.6 1.11 3.02 9.86 59.0 1.07 2.58 199 
4CS4x075 4.97 31.7 0.960 2.30 8.29 47.0 0.855 2.25 118 
4CS4x060 4.02 24.0 0.726 1.89 6.78 35.7 0.648 1 . 74 62.4 
4CS 1 .625x071 4.90 20.8 0.629 1.26 8.16 33.6 0.611 1.26 141 
4CS 1.625x057 3.96 16.6 0.503 1.03 6.12 26.1 0.475 1.02 74.4 
4CS 1 .625x045 2.95 13.1 0.397 0.826 3.67 19.3 0.350 0.812 37.7 
4CS1.625x035 1.72 9.43 0.286 0.644 1.72 .14.9 0.270 0.608 18.6 
3.5CS1.625x071 4.34 18.3 0.554 0.970 7.23 30.4 0.553 0.970 132 
3.5CS1.625x057 3.58 15.1 0.459 0.803 6.12 24.3 0.441 0.803 67.1 
3.5CS1.625x045 2.95 12.2 0.370 0.648 3.81 18.0 0.327 0.648 34.8 
3.5CS1.625x035 1.79 9.18 0.278 0.511 1.88 13.8 0.251 0.509 18.6 
3CS3x135 5.96 40.4 1.22 1.87 9.93 62.4 1.13 1.85 847 
3CS3x105 4.76 31.7 0.961 1.50 7.93 44.5 0.810 1.49 392 
3CS3x090 4.13 25.6 0.775 1.30 6.89 36.1 0.657 1.29 247 
3CS3x075 3.49 19.8 0.600 1.10 5.82 30.9 0.561 1.00 144 
3CS3x060 2.83 15.8 0.478 0.862 4.71 23.5 0.427 0.770 75.6 
3CS1.625x071 3.64 14.5 0.438 0.657 6.06 23.2 0.421 0.657 127 
3CS1.625x057 3.01 11.7 0.355 0.545 5.02 18.0 0.327 0.542 62.4 
3CS 1. 625x045 2.43 9.24 0.280 0.441 3.81 13.6 0.248 0.433 31.2 
3CS 1 .625x035 1.79 6.75 0.205 0.348 2.23 10.2 0.185 0.322 15.8 
2.5CS1.625x071 2.93 11.4 0.345 0.431 4.89 18.3 0.332 0.431 127 
2.5CS1.625x057 2.45 9.25 0.280 0.359 4.08 14.2 0.257 0.357 61.3 
2.5CS1.625x045 1.98 7.32 0.222 0.291 3.30 10.7 0.195 0.286 30.4 
2.5CS1.625x035 1.55 5.34 0.162 0.230 2.31 7.97 0.145 0.213 15.3 
1.5CS1.625x071 1.53 5.86 0.178 0.133 2.54 9.46 0.172 0.133 133 
1.5CS1.625x057 1.32 4.84 0.147 0.112 2.20 7.37 0.134 0.112 59.7 
1.5CS1.625x045 1.09 3.87 0.117 0.092 1.82 5.57 0.101 0.091 28.4 
1.5CS1.625x035 0.86 2.81 0.085 0.073 1.43 4.13 0.075 0.068 14.1 
Notes: 
1. Shear and moment strengths given are nominal strengths and must be modified by fac-
tors of safety (ASD) or resistance factors (LRFD). 
2. Mweb' Mflange and Mlip are the highest nominal moments at which the web, flange and 






































Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 2 [ Beam Properties C-Sections Without Lips 
Maximum 
Fy = 33 ksi Fy = 55 ksi Effective 
Section Moment 2 
Vn 1 Mnxo 1 Se Ie Vn 1 Mnxo 1 Se Ie Mweb 
kips kip-in. in.3 in.4 kips kip-in. in.3 in.4 kip-in. 
12CU1.25x071 4.44 85.2 2.58 15.7 4.44 115 2.10 15.7 96.4 
12CU1.25x057 2.29 57.4 1.74 12.7 2.29 76.0 1.38 12.5 49.6 
10CU1.25x071 5.37 63.1 1.91 9.70 5.37 99.7 1.81 9.63 98.5 
10CU1.25x057 2.77 49.2 1.49 7.80 2.77 64.1 1.17 7.68 50.7 
10CU1.25x045 1.36 30.9 0.935 6.11 1.36 41.3 0.752 6.00 24.8 
8CU 1.25x071 6.81 44.1 1.34 5.44 6.81 70.3 1.28 5.39 100 
8CU 1 .25x057 3.51 34.3 1.04 4.38 3.51 53.0 0.964 4.26 51.5 
8CU 1.25x045 1.72 25.6 0.776 3.38 1.72 33.3 0.606 3.32 25.2 
8CU 1.25x035 0.81 15.6 0.472 2.60 0.81 21.1 0.384 2.43 11 .8 
5.5CU1.25x071 7.36 24.8 0.753 2.12 9.50 39.1 0.711 2.09 102 
5.5CU1.25x057 4.74 19.1 0.580 1.71 5.26 30.1 0.547 1.64 52.1 
5.5CU1.25x045 2.58 14.4 0.436 1.31 2.58 22.7 0.412 1.26 25.4 
5.5CU1.25x035 1.21 10.6 0.323 0.986 1.21 14.6 0.265 0.959 11.9 
4CU1.25x071 4.90 15.6 0.473 0.970 8.16 24.3 0.442 0.960 102 
4CU 1 .25x057 3.96 11 .9 0.362 0.784 6.12 18.6 0.337 0.752 52.0 
4CU 1.25x045 2.95 8.91 0.270 0.601 3.67 13.9 0.252 0.574 25.3 
4CU 1 .25x035 1.72 6.52 0.198 0.450 1.72 10.2 0.186 0.429 11.8 
3.5CU1.25x071 4.19 12.9 0.391 0.704 6.99 20.1 0.364 0.697 102 
3.5CU1.25x057 3.40 9.86 0.299 0.570 6.12 15.3 0.277 0.545 51.8 
3.5CU1.25x045 2.95 7.33 0.222 0.437 3.81 11.4 0.206 0.416 25.2 
3.5CU1.25x035 1.79 5.34 0.162 0.326 2.00 8.31 ' 0.151 0.310 11.7 
3CU 1.25x071 3.49 10.4 0.316 0.488 5.82 16.1 0.293 0.483 102 
3CU 1 .25x057 2.83 7.94 0.241 0.396 4.72 12.2 0.222 0.378 51 .6 
3CU1.25x045 2.26 5.87 0.178 0.303 3.81 9.04 0.164 0.288 25.0 
3CU 1.25x035 1.79 4.26 0.129 0.226 2.31 6.59 0.120 0.214 11.6 
2.5CU1.25x071 2.79 8.14 0.247 0.318 4.65 12.5 0.227 0.315 101 
2.5CU1.25x057 2.27 6.17 0.187 0.259 3.78 9.43 0.171 0.246 51.4 
2.5CU 1.25x045 1.81 4.55 0.138 0.198 3.02 6.95 0.126 0.187 24.8 
2.5CU1 .25x035 1.42 3.28 0.099 0.147 2.31 5.03 0.092 0.139 11.5 
1.5CU1.25x071 1.38 4.14 0.126 0.098 2.30 6.26 0.114 0.097 102 
1.5CU1.25x057 1.14 3.13 0.095 0.080 1.90 4.69 0.085 0.076 51.0 
1.5CU 1.25x045 0.92 2.28 0.069 0.062 1.54 3.41 0.062 0.058 24.4 
1.5CU1.25x035 0.73 1.62 0.049 0.046 1.22 2.43 0.044 0.043 11.3 
Notes: 
1 . Shear and moment strengths given are nominal strengths and must be modified by fac-
tors of safety (ASD) or resistance factors (LRFD). 
2. Mweb and Mflange are the highest nominal moments at which the web and flange, respec-





































I1-6 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table II - 3 S Beam Properties Z-Sections With Lips 
Maximum Effective 
Fy = 33 ksi Fy = 55 ksi Moment 2 
Section Vn 1 Mnxo 1 Se Ie Vn 1 Mnxo 1 Se Ie Mweb Mflange M1jp 
kips kip-in. in.3 in.4 kips kip-in. in.3 . 4 kip-in. In. kip-in. kip-In. 
12lS3.25x135 26.6 296 8.96 53.7 30.9 464 8.43 53.7 743 477 308 
12l83.25x105 14.4 223 6.77 42.3 14.4 333 6.06 41.7 371 260 180 
12l83.25x090 9.07 188 5.69 36.5 9.07 275 5.01 35.6 245 181 132 
12l83.25x075 5.23 147 4.45 30.6 5.23 202 3.68 29.6 160 118 93.4 
12l83.25x060 2.67 107 3.23 24.5 2.67 142 2.58 23.4 89.7 70.7 62.4 
10l83x135 26.6 219 6.65 33.2 34.3 347 6.31 33.2 802 419 276 
1 Ol83x1 05 16.1 170 5.16 26.2 17.5 258 4.69 26.2 397 228 161 
10l83x090 11.0 143 4.35 22.6 11.0 209 3.80 22.4 260 159 118 
10l83x075 6.34 114 3.47 19.0 6.34 169 3.08 18.5 160 104 83.5 
10l83x060 3.24 89.4 2.71 15.3 3.24 118 2.15 14.6 89.8 62.2 55.7 
9l83x135 22.3 190 5.76 25.9 34.3 300 5.46 25.9 792 362 239 
9l83x105 16.1 148 4.47 20.5 19.6 222 4.04 20.5 393 198 140 
9l83x090 11.8 124 3.77 17.7 12.3 180 3.27 17.5 257 137 103 
9l83x075 7.09 99.0 3.00 14.8 7.09 151 2.74 14.4 158 89.8 72.4 
9l83x060 3.62 77.3 2.34 12.0 3.62 107 1.94 11.3 89.0 54.0 48.4 
8l82.5x105 16.1 115 3.47 13.9 20.8 185 3.36 13.9 399 222 165 
8l82.5x090 11.8 99.1 3.00 12.0 13.9 155 2.83 12.0 262 154 121 
8l82.5x075 8.04 83.3 2.52 10.1 8.04 121 2.20 10.1 161 101 84.8 
8l82.5x060 4.10 63.8 1.93 8.15 4.10 93.9 1.71 8 . 15 90.9 60.6 56.5 
8l82.5x048 2.09 50.1 1.52 6.56 2.09 66.9 1.22 6.46 53.4 34.5 38.1 
8l82x105 16.1 101 3.07 12.3 20.8 169 3.07 12.3 407 315 253 
8l82x090 11.8 87.5 2.65 10.6 13.9 146 2.65 10.6 269 218 184 
8l82x075 8.04 73.6 2.23 8.92 8.04 123 2.23 8.92 167 142 128 
8l82x060 4.10 59.4 1.80 7.20 4.10 92.9 1.69 7.20 95.5 85.6 85.1 
8l82x048 2.09 47.4 1.44 5.80 2.09 65.8 1.20 5 . 80 55.6 44.0 43.4 
7l82x105 13.3 83.9 2.54 8.90 20.8 140 2.54 8.90 386 261 210 
7l82x090 11.8 72.7 2.20 7.71 15.3 121 2.20 7.71 253 181 153 
7l82x075 8.21 61.2 1.85 6.49 9.28 102 1.85 6.49 156 118 107 
7l82x060 4.73 49.4 1.50 5.24 4.73 77.1 1.40 5.24 92.0 71.2 70.8 
7l82x048 2.41 39.4 1.19 4.23 2.41 57.9 1.05 4.23 54.5 36.6 36.3 
6l82x105 11.3 67.9 2.06 6.17 20.8 113 2.06 6. 17 400 210 170 
6l82x090 9.70 58.8 1.78 5.35 15.3 98.0 1.78 5.35 262 146 124 
6l82x075 8.21 49.6 1.50 4.51 10.6 82.6 1.50 4.51 160 95.6 86.5 
6l82x060 5.25 40.1 1.21 3.64 5.59 62.3 1.13 3.64 90.6 57.7 57.4 
6l82x048 2.85 32.0 0.969 2.94 2.85 48.3 0.88 2.94 53.3 29.7 29.6 
5l82x090 7.92 46.0 1.39 3.48 13.2 76.6 1.39 3.48 257 114 96.6 
5l82x075 6.65 38.8 1.18 2.94 10.6 64.6 1.18 2.94 157 74.8 67.7 
5l82x060 5.25 31.4 0.952 2.38 6.78 48.7 0.886 2.38 88.3 45.2 45.0 
5l82x048 3.36 25.1 0.760 1.92 3.48 37 . .7 0.685 1.92 51.6 23.3 23.4 
5Z82x036 1.46 17.3 0.525 1.45 1.46 25.7 0.468 1.39 24.0 9.8 9.75 
·4Z82x090 6.14 34.1 1.04 2.07 10.2 56.9 1.04 2.07 252 84.7 71.7 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification II-7 
Table 11- 3 S Beam Properties Z-Sections With Lips 
Maximum Effective 
Fy = 33 ksi Fy = 55 ksi 
Section Vn 1 Mnxo 1 Se Ie Vn 1 Mnxo 1 Se Ie Mweb 
kips kip-in. in.3 in.4 kips kip-in. in.3 in.4 I kip-in. 
4ZS2x075 5.16 28.9 0.874 1.75 8.60 48.1 0.874 1.75 153 
4ZS2x060 4.16 23.4 0.710 1.42 6.78 36.3 0.659 1.42 85.3 
4ZS2x048 3.36 18.7 0.567 1.15 4.34 28.0 0.509 1.15 49.3 
4ZS2x036 1.87 12.9 0.390 0.867 1.87 19.5 0.355 0.825 I 23.8 
3ZS1.75x090 4.36 21.2 0.644 0.965 7.26 35.4 0.644 I 0.965 254 
3ZS1.75x075 3.68 18.0 0.546 0.819 6.13 30.0 0.546 I 0.819 153 
3ZS1.75x060 2.98 14.7 0.445 0.667 4.96 24.4 0.444 I 0.667 84.3 
3ZS1.75x048 2.40 11.9 0.361 0.542 4.34 18.5 0.337 0.542 48.3 
3ZS1.75x036 1.89 8.33 0.252 0.412 2.44 12.6 0.230 i 0.397 23.7 
Notes: 
1. Shear and moment strengths given are nominal strengths and must be modified by fac-
tors of safety (ASD) or resistance factors (LRFD). 
2. Mweb, Mflange and Mlip are the highest nominal moments at which the web, flange and 















II-8 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table II - 4 I Beam Properties Z-Sections Without Lips 
Maximum 
Fy = 33 ksi Fy = 55 ksi Effective 
Section Moment 2 
Vn 1 Mnxo 1 Se Ie V 1 Mnxo 1 Se Ie Mweb Mtlange n 
kips kip-in. in.3 in.4 kips kip-in. in.3 in.4 kip-in. kip-in. 
8ZU 1.25x1 05 16.1 65.0 1.97 7.88 20.8 108 1.97 7.88 331 123 
8ZU 1 .25x090 11.8 56.3 1.71 6.82 13.9 92.2 1.68 6.82 206 75.8 
8ZU 1.25x075 8.04 47.0 1.42 5.74 8.04 74.9 1.36 5.72 118 42.9 
8ZU 1.25x060 4.10 36.4 1.10 4.63 4.10 57.9 1.05 4.49 60.2 21.5 
8ZU 1 .25x048 2.09 28.1 0.851 3.63 2.09 37.7 0.685 3.56 30.6 10.8 
6ZU 1.25x1 05 11.3 41.6 1.26 3.78 20.8 69.4 1.26 3.78 337 78.8 
6ZU 1 .25x090 9.70 36.1 1.09 3.28 15.3 59.0 1.07 3.28 210 48.6 
6ZU 1.25x075 8.21 30.2 0.914 2.77 10.6 47.7 0.867 2.76 120 27.6 
6ZU1.25x060 5.25 23.2 0.704 2.24 5.59 36.6 0.666 2.16 60.8 13.9 
6ZU1.25x048 2.85 17.8 0.539 1.75 2.85 28.1 0.511 1.69 30.9 7.00 
4ZU 1 .25x090 6.14 19.9 0.603 1.21 10.2 32.4 0.588 1.21 212 26.8 
4ZU1.25x075 5.16 16.7 0.505 1.02 8.60 26.0 0.473 1.02 121 15.3 
4ZU 1 .25x060 4.16 12.7 0.386 0.829 6.78 19.8 0.360 0.797 60.8 7.71 
4ZU 1 .25x048 3.36 9.65 0.292 0.647 4.34 15.0 0.273 0.618 30.8 3.90 
4ZU1.25x036 1.87 6.75 0.205 0.465 1.87 10.6 0.192 0.444 12.8 1.63 
3.625ZU1.25x090 5.47 17.3 0.524 0.950 9.12 28.1 0.511 0.950 212 23.3 
3.625ZU1.25x075 4.60 14.5 0.439 0.805 7.67 22.6 0.410 0.804 121 13.3 
3.625ZU1.25x060 3.72 11.1 0.335 0.655 6.78 17.1 0.311 0.628 60.7 6.72 
3.625ZU1.25x048 3.00 8.36 0.253 0.511 4.34 13.0 0.236 0.487 30.7 3.40 
3.625ZU1.25x036 1.89 5.83 0.177 0.367 2.09 9.08 0.165 0.349 12.8 1.42 
2.5ZU1.25x090 3.47 10.4 0.314 0.392 5.78 16.7 0.304 0.392 213 14.0 
2.5ZU1.25x075 2.93 8.70 0.264 0.334 4.89 13.4 0.243 0.334 120 8.00 
2.5ZU 1.25x060 2.38 6.59 0.200 0.273 3.97 10.1 0.183 0.261 60.2 4.06 
2.5ZU1.25x048 1.93 4.94 0.150 0.213 3.21 7.55 0.137 0.202 30.3 2.06 
2.5ZU1.25x036 1.46 3.40 0.103 0.152 2.44 5.22 0.095 0.144 12.5 0.87 
1.5ZU1.25x090 1.68 5.24 0.159 0.119 2.81 8.42 0.153 0.119 216 7.05 
1.5ZU1.25x075 1.45 4.43 0.134 0.102 2.41 6.72 0.122 0.102 121 4.09 
1.5ZU 1.25x060 1.19 3.35 0.101 0.084 1.99 5.02 0.091 0.081 59.8 2.09 
1.5ZU1.25x048 0.98 2.49 0.075 0.066 1.63 3.72 0.068 0.062 29.8 1.07 
1 .5ZU 1 .25x036 0.75 1.68 0.051 0.047 1.25 2.53 0.046 0.044 12.3 0.45 
Notes: 
1. Shear and moment strengths given are nominal strengths and must be modified by fac-
tors of safety (ASD) or resistance factors (LRFD). 
2. Mweb and Mtlange are the highest nominal moments at which the web and flange, respec-
tively, are fully effective. 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 5 J Beam Properties Hat-Sections Without Lips 
Fy = 33 ksi Fy = 55 ksi 
Compression 1 
Compression on Top on Bottom 
I 
Compression on Top 
Section Vn 1 Mnyo 1 Se Ie Mnyo 1 Se I Vn 1 Mnyo 1 Sa la 
kips kip-in. in.3 in.4 kip-in. in.3 ' kips kip-in. in.3 in.4 
10HU5x075 12.7 137 4.15 23.5 141 4.28 12.7 222 4.04 22.4 
8HU12x135 39.3 222 6.71 34.4 234 7.09 68.7 356 6.48 31.9 
8HU12x105 32.2 155 4.70 23.8 169 5.13 141.5 249 4.52 21.9 
8HU8x105 32.2 153 4.63 22.6 160 4.83 : 41.5 246 4.48 21.2 
8HU8x075 16.1 95.5 2.89 14.0 104 3.16 16.1 154 2.79 13.1 
8HU4x075 16.1 92.5 2.80 12.4 93.2 2.82 16.1 150 2.74 12.2 
8HU4x060 8.21 69.8 2.12 9.59 71.9 2.18 8.21~ 113 2.06 9.17 
6HU9x135 28.6 143 4.33 16.4 146 4.43 47.7 231 4.21 15.6 
6HU9x105 22.5 99.4 3.01 11.5 104 3.16 41.5 160 2.91 10.7 
6HU6x105 22.5 97.3 2.95 10.4 98.4 2.98 ! 41.5 158 2.87 10.2 
6HU6x075 16.4 58.8 1.78 6.58 61.5 1.86 21'.2 94.7 1.72 6.17 
6HU3x075 16.4 55.1 1.67 5.36 55.1 1.67 21~ .2 91.5 1.66 5.36 
6HU3x060 10.5 41.8 1.27 4.15 41.8 1.27 1111.2 68.2 1.24 4.15 
6HU3x048 5.70 31.7 0.962 3.25 32.3 0.979 5.70 51.6 0.94 3.14 
4HU6x135 17.9 77.3 2.34 5.42 77.3 2.34 29.9 128 2.32 5.42 
4HU6x105 14.2 53.9 1.63 3.96 54.3 1.64 1 23.7 87.5 1.59 3.89 
4HU4x105 14.2 51.2 1.55 3.39 51.2 1.55 23.7 85.3 1.55 3.39 
4HU4x075 10.3 30.8 0.935 2.18 30.9 0.937 17.2 50.2 0.912 2.17 
4HU2x075 10.3 27.7 0.839 1.70 27.7 0.839 17.2 46.1 0.839 1.70 
4HU2x060 8.33 20.6 0.623 1.30 20.6 0.623 13 .. 6 34.3 0.623 1.30 
4HU2x048 6.72 15.4 0.468 1.00 15.4 0.468 8.68 25.7 0.468 1.00 
3HU4.5x135 12.6 50.0 1.52 2.47 50.0 1.52 21;.0 83.4 1.52 2.47 
3HU4.5x105 10.0 34.7 1.05 1.80 34.7 1.05 16.7 57.5 1.05 1.80 
3HU3x105 10.0 32.7 0.992 1.53 32.7 0.992 16.7 54.6 0.992 1.53 
3HU3x075 7.35 19.3 0.585 0.977 19.3 0.585 12.3 32.2 0.585 0.977 
Notes: 
1. Shear and moment strengths given are nominal strengths and must be modified by fac-
tors of safety (ASD) or resistance factors (LRFD). 
































II-IO Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
1.3 Calculation of Lu 
For members bent about the centroidal axis perpendicular to the web, calculation of lat-
eral buckling strength is unnecessary when the unbraced length is less than a length, Lu, 
which results in a critical elastic moment, Me, that is 2.78My. Lu may be calculated using the 
following formulae. All terms are as defined in section C3.1.2 of the Specification. 
(a) For singly-, doubly-, and point symmetric sections: 
Lu = {~1 + [~~ + (~JT]05 
where 
(1) For singly- and doubly-symmetric sections: 
2 
_ 7.72 [KyFyS f ] C 1 ---AE Cb:Ttry 




(2) For point-symmetric sections: 
2 
_ 30.9 [KyF YSr] 
C1 - AE Cb:Ttry 




(b) For 1- or Z-sections bent about the centroidal axis perpendicular to the web (x -axis):, in 
lieu of (a), the following equations may be used: 




Lu F S Y f 
(2) For point-symmetric Z-sections: 
[ ]
0.5 
= 0.18C b1t2Edlyc 
Lu F S y r 
1.4 Beam Charts 
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Chart 11-1 a Nominal Flexural Strength 
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Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Chart 11-1 a Nominal Flexural Strength 
C-Sections with Lips, (Fy = 33 ksi, Cb = 1) 
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c 
11-14 Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Chart 11-1 a Nominal Flexural Strength 
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Chart 11-1 a Nominal Flexural Strength 
C-Sections with Lips, (Fy = 33 ksi, Cb = 1) c 
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Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 11-17 
Chart 11-1 a Nominal Flexural Strength 
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Chart 11-1 a 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Nominal Flexural Strength 
C-Sections with Lips, (Fy = 33 ksi, Cb = 1) c 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Chart 11-1a Nominal Flexural Strength 
C-Sections with Lips, (Fy = 33 ksi, Cb = 1) 
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c 
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II-20 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Chart 11-1 a Nominal Flexural Strength 
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Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Nominal Flexural Strength 
C-Sections with Lips, (Fy = 33 ksi, Cb = 1) 
Unbraced Length, KLy = KLt, In. 
c 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Chart 11-1b 
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Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Nominal Flexural Strength 
C-Sections with Lips, (Fy = 55 ksi, Cb = 1) 
Unbraced Length, KLy = KLt, in. 
c 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Chart 11-1 b Nominal Flexural Strength 
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II-26 Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Chart 11-1b Nominal Flexural Strength 
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Chart 11-1 b Nominal Flexural Strength 
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Chart 11-1 b 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Nominal Flexural Strength 
C-Sections with Lips, (Fy = 55 ksi, Cb = 1) 
Unbraced Length, KLy = KLt, In. 
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Chart 11-1b Nominal Flexural Strength 
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Chart 11-1 b Nominal Flexural Strength 
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Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Chart 11-1 b 
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Chart 11-1 b 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Nominal Flexural Strength 
C-Sections with Lips, (Fy = 55 ksi, Cb = 1) 
Unbraced Length, KLy = KLt, In. 
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Nominal Flexural Strength 
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Chart 11-2b Nominal Flexural Strength 






'\.. ..... ~ 
r\.~ ..... r--... r\. ~ 







"""'~ ~ ~~ 
.'\. ~, K~+@b 
8ZS2.5x090 1\ \"\ 'I 
,"'-. I\, "\ 
" 
155 
9ZS3x075 ~ I\. '\ 
" 
135 
~ ~ \ ~"\ "\ 
8zk2~~ I\," ~ ~ '\ , ~"'" r--.... ,~ '\ ~ ~,.... I\, 
'" 
....... ~ ~ "-12ZS3.25 ,,., 
7ZS2x105 "" 
to.. 1\ ~ i'.. I\. '\. 
~I\.. I' l"""- f'. f' '\ I\. 
~ ""-I\. 1\ r-.... ~ " ~~a, r\ 
~ 
" 
~ r--.... ~>~ ~ 
i' 
" 
\ I" ...... f".,.. f' 1\ 
145 
C 









1,\ 1\ f'. ...... r:::s ~ 
'" " 
\ I'\. ~~ \ 
f'. !\. 1\ r'\. ~~ t-.... f\ 
f\. , , rP f\.~ 
'" 
~ .. \ 
8ZS2x075 , '\ ~ ~ 
'" 
'6': 
~ 8ZS2.5x075 \. '\. ,~~ ~ ~ 
! I I ~ ....... ~ '\ I\. ~ 
'" 10ZS3x06O " --
" 
, \ ~ ............ 
~ 









~~ ........ ;::::: ........ ~ \. \ i\ 
6ZS2x105 <'~ ........ ~ ~ ~ , 
" 
~ ~ ,,' ........ ........ \ , , 
~ ~'" '\ , ..... ........:~ \ 
9z53xOsO 
"" 





7Z~2~75 " " r- r--. 'c\. ..... "'" \ ~ 
' ..... "\ 
-.... 





~ ..... , '\ ~ r-..... ~ 6ZS2xO;;r ~ ", ~ \~ ........ ~ ~ ..... 
95 T T ~ ......... '" ~ ~ ~ 
'"' 
~ 
8ZS2.5x06u- ...... "~ ~ ~~ ~ ~ ~ r-... ~ 
- ........ '8~s<. ~ I"""'-" ~ 
" 
,~ , 1\ "-~ ~~ ~ 
r--.;;.t"., , 
"" 
~ r"'. r-..... r\. I~ ~ , ['\ 
...... r-... ~ 1"'-
....... "" 





'\~ \ , +a 
f' ['.. "\ f' '\ .,\~o ~ 1\ 6ZS2x075 
[".. ....... ~ "\ """'~ ~ , , 
85 
~ ""-, ....... r-..." N ~ ~ \ 
7ZS2x060 ...... ~ ~r'\."'" r0 ~ ~ , 
""'II~ f'" ""-, ~ 1\' ~ ~ 5ZS2x090 I--.. 
........ ~ t-..... !'-.... !'.. ""-,,- ~ ~~ ~ ~ 75 
...... ~ 
....... 
to-.... 1"' ..... 
'" 
~ , t\ ..... ~ ~ 
["". t'..... "\ ~ ~ 1 f\\ 
11-47 
s 
~ ~~ ~~ ~ 
'\ \,~ i4 (<& 
'\. \. ~.s:?~ '\ 
~ \ ~o..>. , 
-& ~I l{ :-1--\.\- ~ I\. ~~~ \ 



















" r\ ~ "\ 
\ ......... " 







" " 1\',...., 
1\ \ ~~ 




..... ~~ \ r\.. 
~~ , 
1\' ~ 1\ , ,!\.. 
I'-.... \ "~ \. 
..... ~ i\ "I\. ~ 
" 
\ ~ 
~ ...... ,...., 1\ 
'\ 




I\. ~ ~~ 
\ '\ \ 
I\, \ 













"""'~ '~ f\. ~h.. 
" 60 70 80 
Unbraced Length, KLy = KLt , in. 
~ ~ .... ~ '\ 
90 100 110 
11-48 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Chart 11-2b Nominal Flexural Strength 






























, \ \ 
~ \ , 1\ 
1 \ , \ \ 
\ \ \ 
\ \ ~ \ 
\ \ \ \ \ 
\ \ \ , \ , \ \ \ \ 
\ \ ' \ \ 1 \ \ , \ 
1\ \ \ ~ , 1 , \ \ 1\ 
\ 1\ \ \ \ 
\ :\ 1\ \ \ \ 
~ , \ \ \ , , 
\ , \ , ~ ~ 
\ 1\ l , \ \ \ 
\ ,\ \ \ 
~ , \ 1\ \\ \ , 
\ t\\ \ \ ~ 
\ \ \\ \ '1\ 1\ \ 
\ \ 1 ~\ \ \ 
l' 1\ \\ '\ 
1\ 1\\ \ \ , 1\ 
\~ \ \ '1\ ~ \ 
\ \ \ \ \\ \ \ 
\ \ ~ \\ \ \ 
\ \\ 1\ \ \' \ 
\ \ \\ \ '\ \ , , \\ \' , \\ \ 
\ ' \ l\ 1\ \\ , 
\ \\ ~\ \ \\ \ 
l\ \ \ ' \\ \ ' \ \ 1\\ \\ \ \ ~\ \ 
.; 
~ \ , \ \ 1\ \ \~ 
1\ \~ \\ \\ \ \I\~ ~ ~ \'~ \~ \ ~ , ~~- ~ , \ 1\ , \ \~~~ ~ 
1\ \ \ \ , \ ~, ~ ~ \ 
\ \ 1\\ 1\\ \ ~ ,~ ~ \ , , \ ~ \\ \ \ 1\ \\ 1\ 
[\ ~ ~ , \ 1\ ' \ , \ \ \ \ \ I\"~ \ 1\ ~ 1\ ~ 'lh. ... ~~ '\ \ \\ ~ 1\ r-. ~ ~ r-. ~ , 1\' 
\ \~-~~ .~~~' '0\ \ \ \ \ ~ ~ ~ \1\ ~ , , ' , ~~~ ~~i\'J-~ '\ ""~ \ 1\ \ .~ ~ , \ \r\. '\' , \ , , ~~1 ~ 1\ rt ~ \ \ 1\ ~~ 1\, ~\ ~X \ \ \r\.i\' \ ~.~ 
\ \\ 1\ \ \ " \1\ I\~ ~~~ \ ~ 1\ i\ ~ (~ \~ ..:.\\\.~" ' \ \ ~ I\r\. \.' \ ~ 1\ 1\ 1\ ~ I' , '\ 
\ 
\ , 











" i\ \ ~ , , 
\~ \ 
, 1\ I\. ~\~ \ 









110 130 150 170 190 210 230 






"" 250 270 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
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Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Nominal Flexural Strength 
Z-Sections with Lips, (Fy = 55 ksi, Cb = 1) 
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II-54 Beam Design for use with the 1996 AISI Cold-Fanned Steel Specification 
Chart 11-2b Nominal Flexural Strength 
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Beam Design for use with the 1996 AISI Cold-Ponned Steel Specification 
Chart 11-2b Nominal Flexural Strength 
Z-Sections with Lips, (Fy = 55 ksi, Cb = 1) 
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II-56 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 6a C ASO - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 M1 V1 M1 Section V1 M1 V1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
16CS3.75x135 13.8 0.0 13.8 0.0 14CS3.75x090 4.66 0.0 4.66 0.0 
13.3 64.7 13.3 99.0 4.51 32.2 4.51 45.5 
11.9 125 11.9 191 4.04 62.2 4.04 87.8 
9.74 177 9.74 270 3.30 88.0 3.30 124 
6.89 216 6.89 331 2.33 108 2.33 152 
3.56 241 3.56 369 1.21 120 1.21 170 
0.0 250 0.0 382 0.0 124 0.0 176 
16CS3. 75x 105 6.46 0.0 6.46 0.0 14CS3.75x075 2.69 0.0 2.69 0.0 
6.24 47.6 6.24 63.4 2.60 24.9 2.60 33.4 
5.59 91.9 5.59 123 2.33 48.0 2.33 64.5 
4.56 130 4.56 173 1.91 67.9 1.91 91.3 
3.23 159 3.23 212 1.35 83.2 1.35 112 
1.67 177 1.67 237 0.697 92.8 0.697 125 
0.0 184 0.0 245 0.0 96.1 0.0 129 
16CS3.75x090 4.05 0.0 4.05 0.0 14CS3.75x060 1.38 0.0 1.38 0.0 
3.92 36.8 3.92 51.7 1.33 17.0 1.33 23.2 
3.51 71.0 3.51 99.8 1.19 32.8 1.19 44.9 
2.87 100 2.87 141 0.974 46.4 0.974 63.5 
2.03 123 2.03 173 0.689 56.8 0.689 77.7 
1.05 137 1.05 193 0.356 63.4 0.356 86.7 
0.0 142 0.0 200 0.0 65.6 0.0 89.8 
16CS3.75x075 2.34 0.0 2.34 0.0 12CS3.75x135 15.9 0.0 18.7 0.0 
2.26 28.2 2.26 38.1 15.4 42.7 18.0 64.4 
2.03 54.4 2.03 73.7 13.8 82.4 16.2 124 
1.66 76.9 1.66 104 11.3 117 13.2 176 
1.17 94.2 1.17 128 7.96 143 9.34 215 
0.606 105 0.606 142 4.12 159 4.83 240 
0.0 109 0.0 147 0.0 165 0.0 249 
14CS3.75x135 15.9 0.0 15.9 0.0 12CS3. 75x1 05 8.74 0.0 8.74 0.0 
15.3 53.2 15.3 80.9 8.44 31.1 8.44 47.4 
13.7 103 13.7 156 7.57 60.1 7.57 91.5 
11.2 145 11.2 221 6.18 85.0 6.18 129 
7.93 178 7.93 271 4.37 104 4.37 159 
4.10 199 4.10 302 2.26 116 2.26 177 
0.0 206 0.0 313 0.0 120 0.0 183 
14CS3.75x105 7.43 0.0 7.43 0.0 12CS3.75x090 5.49 0.0 5.49 0.0 
7.17 39.0 7.17 56.0 5.30 25.6 5.30 39.3 
6.43 75.3 6.43 108 4.76 49.5 4.76 75.9 
5.25 106 5.25 153 3.88 70.0 3.88 107 
3.71 130 3.71 188 2.75 85.8 2.75 132 
1.92 145 1.92 209 1.42 95.7 1.42 147 I 
0.0 151 0.0 217 0.0 99.0 0.0 152 II 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification II-57 
Table 11- 6a C ASD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V 1 M1 V 1 M1 Section V 1 M1 V 1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
12CS3.75x075 3.17 0.0 3.17 0.0 11 CS3.75x090 6.02 0.0 6.02 0.0 
3.06 21.6 3.06 28.7 5.82 22.6 5.82 36.2 
2.74 41.7 2.74 55.4 5.22 43.6 5.22 70.0 
2.24 59.0 2.24 78.4 4.26 61.7 4.26 99.0 
1.58 72.3 1.58 96.0 3.01 75.6 3.01 121 
0.820 80.6 0.820 107 1.56 84.3 1.56 135 
0.0 83.5 0.0 111 0.0 87.2 0.0 140 
12CS3.75x060 1.62 0.0 1.62 0.0 11 CS3. 75x075 3.47 0.0 3.47 0.0 
1.56 14.6 1.56 19.9 3.35 19.1 3.35 26.4 
1.40 28.2 1.40 38.4 3.01 36.9 3.01 50.9 
1.14 39.9 1.14 54.3 2.46 52.2 2.46 72.0 
0.808 48.9 0.808 66.5 1.74 64.0 1.74 88.2 
0.418 54.6 0.418 74.2 0.899 71.4 0.899 98.4 
0.0 56.5 0.0 76.8 0.0 73.9 0.0 102 
12CS 1 .625x1 02 7.93 0.0 7.93 0.0 11 CS3. 75x060 1.77 0.0 1.77 0.0 
7.66 22.8 7.66 38.0 1.71 13.4 1.71 18.2 
6.87 44.1 6.87 73.5 1.53 26.0 1.53 35.2 
5.61 62.4 5.61 104 1.25 36.7 1.25 49.8 
3.96 76.4 3.96 127 0.886 45.0 0.886 60.9 
2.05 85.2 2.05 142 0.459 50.2 0.459 68.0 
0.0 88.2 0.0 147 0.0 52.0 0.0 70.4 
12CS1.625x071 2.63 0.0 2.63 0.0 10CS3x135 15.9 0.0 20.6 0.0 
2.54 16.5 2.54 24.2 15.4 30.6 19.9 48.6 
2.28 31.8 2.28 46.8 13.8 59.1 17.8 93.8 
1.86 45.0 1.86 66.2 11.3 83.6 14.5 133 
1.32 55.1 1.32 81.1 7.96 102 10.3 162 
0.682 61.4 0.682 90.4 4.12 114 5.32 181 
0.0 63.6 0.0 93.6 0.0 118 0.0 188 
11 CS3. 75x135 15.9 0.0 20.5 0.0 10CS3x105 9.63 0.0 10.6 0.0 
15.4 37.8 19.8 56.7 9.31 23.8 10.3 35.6 
13.8 72.9 17.8 110 8.34 46.0 9.20 68.7 
11.3 103 14.5 155 6.B1 65.0 7.51 97.1 
7.96 126 10.3 190 4.B2 79.6 5.31 119 
4.12 141 5.31 212 2.49 8B.8 2.75 133 
0.0 146 0.0 219 0.0 91.9 0.0 137 
11 CS3.75x1 05 9.59 0.0 9.59 0.0 10CS3x090 6.67 0.0 6.67 0.0 
9.27 27.4 9.27 41.6 6.44 19.5 6.44 29.4 
8.31 53.0 8.31 BO.4 5.78 37.8 5.78 56.8 
6.78 75.0 6.78 114 4.72 53.4 4.72 80.3 
4.80 91.8 4.80 139 3.34 65.4 3.34 98.3 
2.48 102 2.48 155 1.73 72.9 1.73 110 
0.0 106 0.0 161 0.0 75.5 0.0 114 
II-58 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 6a C ASD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 M1 V1 M1 Section V1 M1 V 1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
10CS3x075 3.84 0.0 3.84 0.0 9CS3x105 9.63 0.0 11.9 0.0 
3.71 15.5 3.71 24.1 9.31 20.6 11.5 30.5 
3.33 29.9 3.33 46.6 8.34 39.7 10.3 59.0 
2.72 42.3 2.72 65.8 6.81 56.2 8.42 83.4 
1.92 51.9 1.92 80.6 4.82 68.8 5.95 102 
0.995 57.8 0.995 89.9 2.49 76.7 3.08 114 
0.0 59.9 0.0 93.1 0.0 79.4 0.0 118 
10CS3x060 1.96 0.0 1.96 0.0 9CS3x090 7.08 0.0 7.47 0.0 
1.90 12.3 1.90 16.5 6.84 16.8 7.22 25.2 
1.70 23.8 1.70 31.9 6.13 32.6 6.47 48.7 
1.39 33.6 1.39 45.1 5.00 46.0 5.28 68.8 
0.982 41.2 0.982 55.3 3.54 56.4 3.74 84.3 
0.508 45.9 0.508 61.6 1.83 62.9 1.93 94.0 
0.0 47.5 0.0 63.8 0.0 65.1 0.0 97.3 
1 OCS1.625x1 02 9.09 0.0 9.62 0.0 9CS3x075 4.31 0.0 4.31 0.0 
8.78 17.2 9.29 28.7 4.16 13.3 4.16 21.3 
7.87 33.3 8.33 55.4 3.73 25.7 3.73 41.1 
6.43 47.0 6.80 78.4 3.04 36.4 3.04 58.1 
4.54 57.6 4.81 96.0 2.15 44.6 2.15 71.2 
2.35 64.2 2.49 107 1.11 49.7 1.11 79.4 
0.0 66.5 0.0 111 0.0 51.5 0.0 82.2 
10CS1.625x071 3.19 0.0 3.19 0.0 9CS3x060 2.20 0.0 2.20 0.0 
3.08 12.5 3.08 20.7 2.12 10.6 2.12 14.9 
2.76 24.1 2.76 40.1 1.90 20.5 1.90 28.8 
2.25 34.1 2.25 56.7 1.55 29.0 1.55 40.7 
1.59 41.7 1.59 69.4 1.10 35.5 1.10 49.8 
0.825 46.5 0.825 77.4 0.569 39.6 0.569 55.6 
0.0 48.2 0.0 80.1 0.0 41.0 0.0 57.6 
1 OCS 1.625x057 1.63 0.0 1.63 0.0 8CS1.625x102 9.09 0.0 11.7 0.0 
1.58 10.2 1.58 14.2 8.78 12.3 11.3 20.5 
1.42 19.7 1.42 27.4 7.87 23.8 10.2 39.6 
1.16 27.8 1.16 38.8 6.43 33.6 8.30 56.0 
0.817 34.1 0.817 47.5 4.54 41.2 5.87 68.6 
0.423 38.0 0.423 53.0 2.35 45.9 3.04 76.5 
0.0 39.4 0.0 54.9 0.0 47.5 0.0 79.2 
9CS3x135 14.7 0.0 20.6 0.0 8CS1.625x071 4.02 0.0 4.02 0.0 
14.2 26.4 19.9 41.8 3.89 8.96 3.89 14.9 
12.7 51.1 17.8 80.8 3.48 17.3 3.48 28.8 
10.4 72.2 14.5 114 2.85 24.5 2.85 40.7 
7.33 88.5 10.3 140 2.01 30.0 2.01 49.9 
3.80 98.7 5.32 156 1.04 33.4 1.04 55.6 
0.0 102 0.0 162 0.0 34.6 0.0 57.6 
-
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification II-59 
Table 11- 6a C ASD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy ;;;; 33 ksi Fy = 55 ksi 
Section V1 M1 V1 M1 Section V 1 M1 V1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
8CS1.625x057 2.06 0.0 2.06 0.0 5.5CS 1.625x035 0.695 0.0 0.695 0.0 
1.99 7.34 1.99 11.7 0.671 2.61 0.671 3.65 
1.78 14.2 1.78 22.6 0.602 5.05 0.602 7.05 
1.46 20.0 1.46 31.9 0.491 7.14 0.491 9.97 
1.03 24.5 1.03 39.1 0.347 8.75 0.347 12.2 
0.533 27.4 0.533 43.6 0.180 9.76 0.180 13.6 
0.0 28.3 0.0 45.1 0.0 10.1 0.0 14.1 
8CS1.625x045 1.01 0.0 1.01 0.0 4CS4x135 5.75 0.0 9.59 0.0 
0.972 5.88 0.972 7.56 5.56 9.90 9.27 14.2 
0.871 11.4 0.871 14.6 4.98 19.1 8.31 27.5 
0.711 16.1 0.711 20.7 4.07 27.1 6.78 38.8 
0.503 19.7 0.503 25.3 2.88 33.1 4.80 47.6 
0.260 21.9 0.260 28.2 1.49 37.0 2.48 53.1 
0.0 22.7 0.0 29.2 0.0 38.3 0.0 54.9 
5.5CS1.625x102 6.61 0.0 11.0 0.0 4CS4x105 4.56 0.0 7.60 0.0 
6.38 7.14 10.6 11.9 4.40 7.01 7.34 11.1 
5.72 13.8 9.54 23.0 3.95 13.5 6.58 21.3 
4.67 19.5 7.79 32.5 3.22 19.2 5.37 30.2 
3.30 23.9 5.51 39.8 2.28 23.5 3.80 37.0 
1.71 26.7 2.85 44.4 1.18 26.2 1.97 41.2 
0.0 27.6 0.0 46.0 0.0 27.1 0.0 42.7 
5.5CS1 .625x071 4.41 0.0 5.69 0.0 4CS4x090 3.95 0.0 6.57 0.0 
4.26 5.25 5.49 8.73 3.81 5.66 6.35 9.14 
3.82 10.1 4.93 16.9 3.42 10.9 5.69 17.6 
3.12 14.3 4.02 23.9 2.79 15.5 4.65 25.0 
2.20 17.6 2.84 29.2 1.97 19.0 3.29 30.6 
1.14 19.6 1.47 32.6 1.02 21 .1 1.70 34.1 
0.0 20.3 0.0 33.7 0.0 21.9 0.0 35.3 
5.5CS1.625x057 2.84 0.0 3.05 0.0 4CS4x075 3.31 0.0 5.53 0.0 
2.74 4.32 2.95 6.93 3.20 4.91 5.34 7.29 
2.46 8.34 2.64 13.4 2.87 9.48 4.79 14.1 
2.01 11 .8 2.16 18.9 2.34 13.4 3.91 19.9 
1.42 14.5 1.53 23.2 1.66 16.4 2.76 24.4 
0.735 16.1 0.790 25.9 0.858 18.3 1.43 27.2 
0.0 16.7 0.0 26.8 0.0 19.0 0.0 28.2 
5.5CS1.625x045 1.49 0.0 1.49 0.0 4CS4x060 2.68 0.0 4.06 0.0 
1.43 3.47 1.43 5.18 2.59 3.71 3.92 5.53 
1.29 6.70 1.29 10.0 2.32 7.17 3.52 10.7 
1.05 9.48 1.05 14.2 1.90 10.1 2.87 15.1 
0.743 11.6 0.743 17.3 1.34 12.4 2.03 18.5 
0.384 13.0 0.384 19.3 0.694 13.9 1.05 20.6 
0.0 13.4 0.0 20.0 0.0 14.3 0.0 21.4 
II-60 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 6a C ASD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 M1 V 1 M1 Section V 1 M1 V1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
4CS1.625x071 3.27 0.0 5.44 0.0 3.5CS1.625x045 1.77 0.0 2.28 0.0 
3.16 3.22 5.25 5.21 1.71 1.89 2.20 2.79 
2.83 6.21 4.71 10.1 1.53 3.66 1.98 5.39 
2.31 8.79 3.85 14.2 1.25 5.17 1.61 7.62 
1.63 10.8 2.72 17.4 0.883 6.33 1.14 9.33 
0.845 12.0 1.41 19.4 0.457 7.06 0.590 10.4 
0.0 12.4 0.0 20.1 0.0 7.31 0.0 10.8 
4CS1.625x057 2.64 0.0 3.66 0.0 3.5CS1.625x035 1.07 0.0 1.13 0.0 
2.55 2.57 3.54 4.05 1.04 1.42 1.09 2.14 
2.29 4.97 3.17 7.82 0.928 2.75 0.975 4.13 
1.87 7.02 2.59 11.1 0.758 3.89 0.796 5.84 
1.32 8.60 1.83 13.6 0.536 4.76 0.563 7.16 
0.683 9.60 0.948 15.1 0.277 5.31 0.291 7.98 
0.0 9.93 0.0 15.6 0.0 5.50 0.0 8.26 
4CS 1 .625x045 1.77 0.0 2.20 0.0 3CS3x135 3.97 0.0 6.62 0.0 
1.71 2.03 2.12 2.99 3.84 6.26 6.39 9.67 
1.53 3.92 1.90 5.77 3.44 12.1 5.73 18.7 
1.25 5.55 1.55 8.16 2.81 17.1 4.68 26.4 
0.883 6.79 1.10 9.99 1.99 20.9 3.31 32.4 
0.457 7.58 0.569 11.1 1.03 23.3 1.71 36.1 
0.0 7.84 0.0 11.5 0.0 24.2 0.0 37.4 
4CS 1 .625x035 1.03 0.0 1.03 0.0 3CS3x105 3.17 0.0 5.29 0.0 
0.995 1.46 0.995 2.31 3.07 4.91 5.11 6.90 
0.892 2.82 0.892 4.46 2.75 9.49 4.58 13.3 
0.728 3.99 0.728 6.30 2.24 13.4 3.74 18.9 
0.515 4.89 0.515 7.72 1.59 16.4 2.64 23.1 
0.267 5.45 0.267 8.61 0.821 18.3 1.37 25.8 
0.0 5.65 0.0 8.91 0.0 19.0 0.0 26.7 
3.5CS 1.625x071 2.89 0.0 4.82 0.0 3CS3x090 2.75 0.0 4.59 0.0 
2.79 2.83 4.66 4.71 2.66 3.97 4.44 5.60 
2.51 5.48 4.17 9.11 2.38 7.66 3.98 10.8 
2.05 7.74 3.41 12.9 1.95 10.8 3.25 15.3 
1.45 9.48 2.41 15.8 1.38 13.3 2.30 18.7 
0.749 10.6 1.25 17.6 0.713 14.8 1.19 20.9 
0.0 11.0 0.0 18.2 0.0 15.3 0.0 21.6 
3.5CS 1.625x057 2.39 0.0 3.66 0.0 3CS3x075 2.33 0.0 3.88 0.0 
2.31 2.35 3.54 3.76 2.25 3.07 3.75 4.78 
2.07 4.53 .3.17 7.26 2.01 5.93 3.36 9.24 
1.69 6.41 2.59 10.3 1.65 8.38 2.74 13.1 
. 
1.19 7.85 1.83 12.6 1.16 10.3 1.94 16.0 
0.618 8.76 0.948 14.0 0.602 11.4 1.00 17.9 
0.0 9.07 0.0 14.5 0.0 11.9 0.0 18.5 
- -- ---
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 11-61 
Table 11- 6a C ASD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 M1 V1 M1 Section V1 M1 V 1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
3CS3x060 1.89 0.0 3.14 0.0 2.5CS1.625x057 1.63 0.0 2.72 0.0 
1.82 2.45 3.03 3.64 1.58 1.43 2.63 2.19 
1.63 4.73 2.72 7.04 1.41 2.77 2.36 4.24 
1.33 6.69 2.22 9.95 1.15 3.92 1.92 5.99 
0.943 8.19 1.57 12.2 0.817 4.80 1.36 7.34 
0.488 9.13 0.813 13.6 0.423 5.35 0.704 8.18 
0.0 9.46 0.0 14.1 0.0 5.54 0.0 8.47 
3CS1.625x071 2.43 0.0 4.04 0.0 2.5CS 1.625x045 1.32 0.0 2.20 0.0 
2.34 2.24 3.90 3.59 1.28 1.13 2.13 1.66 
2.10 4.33 3.50 6.93 1.14 2.19 1.91 3.21 
1.72 6.12 2.86 9.81 0.933 3.10 1.56 4.53 
1.21 7.49 2.02 12.0 0.660 3.80 1.10 5.55 
0.628 8.36 1.05 13.4 0.342 4.23 0.569 6.19 
0.0 8.65 0.0 13.9 0.0 4.38 0.0 6.41 
3CS1.625x057 2.01 0.0 3.35 0.0 2.5CS 1.625x035 1.03 0.0 1.38 0.0 
1.94 1.81 3.23 2.78 0.998 0.828 1.34 1.24 
1.74 3.50 2.90 5.38 0.895 1.60 1.20 2.39 
1.42 4.95 2.37 7.60 0.731 2.26 0.978 3.37 
1.00 6.07 1.67 9.31 0.517 2.77 0.692 4.13 
0.519 6.77 0.866 10.4 0.267 3.09 0.358 4.61 
0.0 7.01 0.0 10.8 0.0 3.20 0.0 4.77 
3CS1.625x045 1.62 0.0 2.28 0.0 1.5CS1.625x071 1.02 0.0 1.69 0.0 
1.56 1.43 2.20 2.11 0.985 0.908 '1.64 1.47 
1.40 2.77 1.98 4.08 0.883 1.75 1.47 2.83 
1.15 3.91 1.61 5.77 0.721 2.48 1.20 4.01 
0.810 4.79 1.14 7.06 0.510 3.04 0.847 4.91 
0.419 5.34 0.590 7.88 0.264 3.39 0.438 5.47 
0.0 5.53 0.0 8.16 0.0 3.51 0.0 5.66 
3CS1.625x035 1.07 0.0 1.34 0.0 1.5CS 1.625x057 0.880 0.0 1.47 0.0 
1.04 1.05 1.29 1.57 0.850 0.750 1.42 1.14 
0.928 2.02 1.16 3.04 0.762 1.45 1.27 2.21 
0.758 2.86 0.944 4.30 0.622 2.05 1.04 3.12 
0.536 3.50 0.668 5.27 0.440 2.51 0.733 3.82 
0.277 3.90 0.346 5.88 0.228 2.80 0.380 4.26 
0.0 4.04 0.0 6.08 0.0 2.90 0.0 4.41 
2.5CS 1.625x071 1.95 0.0 3.26 0.0 1 .5CS 1.625x045 0.727 0.0 1.21 0.0 
1.89 1.76 3.15 2.83 0.702 0.600 1.17 0.863 
1.69 3.41 2.82 5.46 0.629 1.16 1.05 1.67 
1.38 4.82 2.31 7.73 0.514 1.64 0.858 2.36 
0.977 5.90 1.63 9.46 I 0.363 2.01 0.607 2.89 
0.506 6.58 0.844 10.6 0..188 2.24 0.314 3.22 
0.0 6.81 0.0 10.9 'I 0.0 2.32 0.0 3.34 
- - - -- - -
II-62 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table II - 6a 
ASD - Combined Shear and Bending 
C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi 
Section V1 M1 V1 M1 Section V1 M1 
kips kip-in. kips kip-in. kips kip-in. 
1.5CS 1.625x035 0.573 0.0 0.953 0.0 
0.554 0.435 0.921 0.640 
0.497 0.841 0.826 1.24 
0.405 1.19 0.674 1.75 
0.287 1.46 0.477 2.14 
0.148 1.63 0.247 2.39 
0.0 1.68 0.0 2.47 
Notes: 
1. Shear and moment capacites given have been divided by the appropriate factors of 
safety. This table is for ASD use only. 
C 
Fy = 55 ksi 
V 1 M1 
kips kip-in. 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification II-63 
Table 11- 6b 
.C LRFD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V 1 M1 V 1 Mu 1 Section V 1 M1 V 1 M1 u u u u u u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
16CS3.75x135 20.7 0.0 20.7 0.0 14CS3.75x090 7.01 0.0 7.01 0.0 
20.0 103 20.0 157 6.77 51.1 6.77 72.1 
17.9 198 17.9 303 6.07 98.7 6.07 139 
14.6 280 14.6 429 4.96 140 4.96 197 
10.4 343 10.3 525 3.51 171 3.51 241 
5.36 383 5.36 586 1.81 191 1.81 269 
0.0 396 0.0 607 0.0 197 0.0 279 
16CS3.75x105 9.70 0.0 9.70 0.0 14CS3.75x075 4.05 0.0 4.05 0.0 
9.37 75.4 9.37 101 3.91 39.4 3.91 53.0 
8.40 146 8.40 194 3.51 76.2 3.51 102 
6.86 206 6.86 275 2.86 108 2.86 145 
4.85 252 4.85 337 2.03 132 2.02 177 
2.51 282 2.51 375 1.05 147 1.05 198 
0.0 291 0.0 389 0.0 152 0.0 205 
16CS3.75x090 6.09 0.0 6.09 0.0 14CS3.75x060 2.07 0.0 2.07 0.0 
5.89 58.3 5.89 82.0 2.00 26.9 2.00 36.9 
5.28 113 5.28 158 1.79 52.1 1.79 71.2 
4.31 159 4.31 224 1.46 73.6 1.46 101 
3.05 195 3.05 274 1.03 90.2 1.03 123 
1.58 218 1.58 306 0.536 101 0.536 138 
0.0 225 0.0 317 0.0 104 0.0 142 
16CS3.75x075 3.52 0.0 3.52 0.0 12CS3.75x135 23.9 0.0 28.1 0.0 
3.40 44.7 3.40 60.5 23.1 67.7 27.1 102 
3.05 86.3 3.05 117 20.7 131 24.3 197 
2.49 122 2.49 165 16.9 185 19.8 279 
1.76 149 1.76 202 12.0 227 14.0 342 
0.911 167 0.911 226 6.19 253 7.27 381 
0.0 173 0.0 234 0.0 262 0.0 395 
14CS3.75x135 23.8 0.0 23.8 0.0 12CS3. 75x1 05 13.1 0.0 13.1 0.0 
23.0 84.4 23.0 128 12.7 49.3 12.7 75.2 
20.6 163 20.6 248 11.4 95.3 11.4 145 
16.9 231 16.9 351 9.29 135 9.29 205 
11.9 282 11.9 429 6.57 165 6.57 252 
6.17 315 6.17 479 3.40 184 3.40 281 
0.0 326 0.0 496 0.0 191 0.0 290 
14CS3. 75x1 05 11.2 0.0 11.2 0.0 12CS3.75x090 8.25 0.0 8.25 0.0 
10.8 61.8 10.8 88.9 7.97 40.7 7.97 62.4 
9.66 119 9.66 172 7.15 78.6 7.15 120 
7.89 169 7.89 243 5.84 111 5.84 170 
5.58 207 5.58 298 4.13 136 4.13 209 
2.89 231 2.89 332 2.14 152 2.14 233 
0.0 239 0.0 344 0.0 157 0.0 241 
-
II-64 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 6b C LRFD - Combined Shear and Bending C-Sections With Lips 
Section 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
V1 Mu 1 V 1 M1 
Section V 1 Mu 1 V 1 M1 u u u u u u kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
12CS3.75x075 4.76 0.0 4.76 0.0 11 CS3.75x090 9.05 0.0 9.05 0.0 
4.60 34.3 4.60 45.5 8.75 35.8 8.75 57.5 
4.12 66.2 4.12 88.0 7.84 69.2 7.84 111 
3.37 93.6 3.37 124 6.40 97.9 6.40 157 
2.38 115 2.38 152 4.53 120 4.53 192 
1.23 128 1.23 170 2.34 134 2.34 215 
0.0 132 0.0 176 0.0 138 0.0 222 
12CS3.75x060 2.43 0.0 2.43 0.0 11 CS3.75x075 5.22 0.0 5.22 0.0 
2.35 23.2 2.35 31.5 5.04 30.3 5.04 41.8 
2.10 44.8 2.10 60.9 4.52 58.6 4.52 80.8 
1.72 63.4 1.72 86.2 3.69 82.9 3.69 114 
1.22 77.6 1.21 106 2.61 102 2.61 140 
0.629 86.6 0.629 118 1.35 113 1.35 156 
0.0 89.6 0.0 122 0.0 117 0.0 162 
12CS 1.625x1 02 11.9 0.0 11.9 0.0 11 CS3. 75x060 2.66 0.0 2.66 0.0 
11.5 36.2 11.5 60.4 2.57 21.3 2.57 28.9 
10.3 70.0 10.3 117 2.31 41.2 2.31 55.8 
8.43 98.9 8.43 165 1.88 58.3 1.88 78.9 
5.96 121 5.96 202 1.33 71.4 1.33 96.7 
3.08 135 3.08 225 0.689 79.6 0.689 108 
0.0 140 0.0 233 0.0 82.4 0.0 112 
12CS1.625x071 3.96 0.0 3.96 0.0 10CS3x135 23.9 0.0 30.9 0.0 
3.83 26.1 3.83 38.4 23.1 48.6 29.8 77.0 
3.43 50.4 3.43 74.3 20.7 93.8 26.8 149 
2.80 71.3 2.80 105 16.9 133 21.8 210 
1.98 87.4 1.98 129 12.0 163 15.4 258 
1.02 97.5 1.02 143 6.19 181 8.00 287 
0.0 101 0.0 149 0.0 188 0.0 298 
11 CS3. 75x135 23.9 0.0 30.8 0.0 10CS3x105 14.5 0.0 16.0 0.0 
23.1 59.9 29.8 90.0 14.0 37.7 15.4 56.4 
20.7 116 26.7 174 12.5 72.9 13.8 109 
16.9 164 21.8 246 10.2 103 11.3 154 
12.0 200 15.4 301 7.24 126 7.98 189 
6.19 224 7.98 336 3.75 141 4.13 211 
0.0 231 0.0 348 0.0 146 0.0 218 
11 CS3.75x1 05 14.4 0.0 14.4 0.0 10CS3x090 10.0 0.0 10.0 0.0 
13.9 43.5 13.9 66.1 9.68 31.0 9.68 46.6 
12.5 84.1 12.5 128 8.68 59.9 8.68 90.1 
10.2 119 10.2 180 7.09 84.7 7.09 127 I 
7.21 146 7.21 221 5.01 104 5.01 156 
3.73 162 3.73 247 2.59 116 2.59 174 
0.0 168 0.0 255 0.0 120 0.0 180 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification II-65 
Table 11- 6b C LRFD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 Mu 1 V 1 M 1 Section Vu 1 Mu 1 V 1 M 1 u u u u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
10CS3x075 5.78 0.0 5.78 0.0 9CS3x105 14.5 0.0 17.9 0.0 
5.58 24.6 5.58 38.2 14.0 32.6 17.3 48.4 
5.00 47.5 5.00 73.9 12.5 63.0 15.5 93.6 
4.09 67.2 4.09 104 10.2 89.1 12.7 132 
2.89 82.3 2.89 128 7.24 109 8.95 162 
1.50 91.8 1.50 143 3.75 122 4.63 181 
0.0 95.0 0.0 148 0.0 126 0.0 187 
10CS3x060 2.95 0.0 2.95 0.0 9CS3x090 10.6 0.0 11.2 0.0 
2.85 19.5 2.85 26.2 10.3 26.7 10.8 40.0 
2.56 37.7 2.56 50.6 9.21 51.6 9.73 77.2 
2.09 53.3 2.09 71.6 7.52 73.0 7.94 109 
1.48 65.3 1.48 87.7 5.32 89.4 5.62 134 
0.764 72.8 0.764 97.8 2.75 99.8 2.91 149 
0.0 75.4 0.0 101 0.0 103 0.0 154 
1 OCS1.625x1 02 13.7 0.0 14.5 0.0 9CS3x075 6.47 0.0 6.47 0.0 
13.2 27.3 14.0 45.5 6.25 21.1 6.25 33.8 
11.8 52.8 12.5 87.9 5.60 40.8 5.60 65.2 
9.66 74.6 10.2 124 4.58 57.8 4.58 92.2 
6.83 91.4 7.23 152 3.24 70.7 3.24 113 
3.54 102 3.74 170 1.67 78.9 1.67 126 
0.0 106 0.0 176 0.0 81.7 0.0 130 
10CS1.625x071 4.79 0.0 4.79 0.0 9CS3x060 3.30 0.0 3.30 0.0 
4.62 19.8 4.62 32.9 3.19 16.8 3.19 23.6 
4.15 38.2 4.15 63.6 2.86 32.5 2.86 45.7 
3.39 54.0 3.39 89.9 2.34 46.0 2.34 64.6 
2.39 66.2 2.39 110 1.65 56.3 1.65 79.1 
1.24 73.8 1.24 123 0.855 62.8 0.855 88.2 
0.0 76.4 0.0 127 0.0 65.0 0.0 91.3 
10CS1 .625x057 2.46 0.0 2.46 0.0 8CS 1.625x1 02 13.7 0.0 17.6 0.0 
2.37 16.2 2.37 22.5 13.2 19.5 17.0 32.5 
2.13 31.2 2.13 43.5 11.8 37.7 15.3 62.8 
1.74 44.2 1.74 61.6 9.66 53.3 12.5 88.9 
1.23 54.1 1.23 75.4 6.83 65.3 8.82 109 
0.636 60.3 0.636 84.1 3.54 72.8 4.57 121 
0.0 62.5 0.0 87.1 0.0 75.4 0.0 126 
9CS3x135 22.0 0.0 30.9 0.0 8CS1.625x071 6.05 0.0 6.05 0.0 
21.3 41.9 29.8 66.4 5.84 14.2 5.84 23.6 
19.1 81.0 26.8 128 5.24 27.5 5.24 45.7 
15.6 115 21.8 181 4.28 38.8 4.28 64.6 
11.0 140 15.4 222 3.02 47.5 3.02 79.1 
5.69 157 8.00 248 1.57 53.0 1.57 88.2 
I 0.0 162 0.0 256 0.0 54.9 0.0 91.3 
-
II-66 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 6b C LRFD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section 
Vu 1 Mu 1 V1 M1 Section V 1 Mu 1 V 1 Mu 1 u u u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
8CS1.625x057 3.10 0.0 3.10 0.0 5.5CS1.625x035 1.04 0.0 1.04 0.0 
2.99 11.6 2.99 18.5 1.01 4.15 1.01 5.79 
2.68 22.5 2.68 35.8 0.904 8.01 0.904 11.2 
2.19 31.8 2.19 50.6 0.738 11.3 0.738 15.8 
1.55 38.9 1.55 62.0 0.522 13.9 0.522 19.4 
0.801 43.4 0.801 69.1 0.270 15.5 0.270 21.6 
0.0 45.0 0.0 71.6 0.0 16.0 0.0 22.4 
8CS1.625x045 1.51 0.0 1.51 0.0 4CS4x135 8.63 0.0 14.4 0.0 
1.46 9.32 1.46 12.0 8.34 15.7 13.9 22.6 
1.31 18.0 1.31 23.2 7.47 30.3 12.5 43.6 
1.07 25.5 1.07 32.8 6.10 42.9 10.2 61.6 
0.756 31.2 0.756 40.1 4.32 52.6 7.20 75.5 
0.391 34.8 0.391 44.8 2.23 58.6 3.72 84.2 
0.0 36.0 0.0 46.4 0.0 60.7 0.0 87.2 
5.5CS1.625x102 9.91 0.0 16.5 0.0 4CS4x105 6.84 0.0 11.4 0.0 
9.57 11.3 16.0 18.9 6.61 11.1 11.0 17.5 
8.58 21.9 14.3 36.5 5.92 21.5 9.87 33.9 
7.01 31.0 11.7 51.6 4.84 30.4 8.06 47.9 
4.95 37.9 8.26 63.2 3.42 37.2 5.70 58.7 
2.56 42.3 4.28 70.5 1.77 41.5 2.95 65.4 
0.0 43.8 0.0 73.0 0.0 43.0 0.0 67.7 
5.5CS1.625x071 6.62 0.0 8.55 0.0 4CS4x090 5.92 0.0 9.86 0.0 
6.40 8.33 8.26 13.9 5.72 8.99 9.52 14.5 
5.74 16.1 7.40 26.8 5.13 17.4 8.54 28.0 
4.68 22.8 6.05 37.9 4.19 24.6 6.97 39.6 
3.31 27.9 4.28 46.4 2.96 30.1 4.93 48.5 
1.71 31.1 2.21 51.7 1.53 33.5 2.55 54.1 
0.0 32.2 0.0 53.5 0.0 34.7 0.0 56.0 
5.5CS1.625x057 4.27 0.0 4.59 0.0 4CS4x075 4.97 0.0 8.29 0.0 
4.12 6.85 4.43 11.0 4.80 7.79 8.01 11.6 
3.69 13.2 3.98 21.2 4.30 15.0 7.18 22.3 
3.02 18.7 3.25 30.0 3.51 21.3 5.86 31.6 
2.13 22.9 2.29 36.8 2.48 26.1 4.14 38.7 
1.10 25.6 1.19 41.0 1.29 29.1 2.15 43.1 
0.0 26.5 0.0 42.5 0.0 30.1 0.0 44.7 
5.5CS1.625x045 2.23 0.0 2.23 0.0 4CS4x060 4.02 0.0 6.10 0.0 
2.16 5.51 2.16 8.22 3.88 5.89 5.89 8.77 
1.93 10.6 1.93 15.9 3.48 11.4 5.28 16.9 
1.58 15.0 1.58 22.5 2.84 16.1 4.31 24.0 
1.12 18.4 1.12 27.5 2.01 19.7 3.05 29.3 
0.578 20.5 0.578 30.7 1.04 22.0 1.58 32.7 
0.0 21.3 0.0 31.8 0.0 22.8 0.0 33.9 
-
---
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification II-67 
Table 11- 6b C LRFD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 Mu 1 Vu 1 M1 Section V 1 Mu 1 V 1 Mu 1 u u u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
4CS1.625x071 4.90 0.0 8.16 0.0 3.5CS1.625x045 2.65 0.0 3.43 0.0 
4.73 5.10 7.88 8.26 2.56 3.00 3.31 4.42 
4.24 9.86 7.07 16.0 2.30 5.80 2.97 8.55 
3.46 13.9 5.77 22.6 1.88 8.20 2.42 12.1 
2.45 17.1 4.08 27.7 1.33 10.0 1.71 14.8 
1.27 19.0 2.11 30.8 0.687 11.2 0.887 16.5 
0.0 19.7 0.0 31.9 0.0 11.6 0.0 17.1 
4CS1.625x057 3.96 0.0 5.51 0.0 3.5CS 1 .625x035 1.61 0.0 1.69 0.0 
3.83 4.08 5.32 6.42 1.56 2.26 1.63 3.39 
3.43 7.88 4.77 12.4 1.40 4.36 1.47 6.55 
2.80 11.1 3.89 17.6 1.14 6.17 1.20 9.27 
1.98 13.6 2.75 21.5 0.805 7.55 0.846 11.4 
1.02 15.2 1.43 24.0 0.417 8.42 0.438 12.7 
0.0 15.8 0.0 24.8 0.0 8.72 0.0 13.1 
4CS 1 .625x045 2.65 0.0 3.30 0.0 3CS3x135 5.96 0.0 9.93 0.0 
2.56 3.22 3.19 4.74 5.76 9.92 9.59 15.3 
2.30 6.22 2.86 9.15 5.16 19.2 8.60 29.6 
1.88 8.80 2.34 12.9 4.21 27.1 7.02 41.9 
1.33 10.8 1.65 15.9 2.98 33.2 4.97 51.3 
0.687 12.0 0.855 17.7 1.54 37.0 2.57 57.3 
0.0 12.4 0.0 18.3 0.0 38.3 0.0 59.3 
4CS 1 .625x035 1.55 0.0 1.55 0.0 3CS3x105 4.76 0.0 7.93 0.0 
1.50 2.32 1.50 3.66 4.60 7.80 7.66 10.9 
1.34 4.48 1.34 7.07 4.12 15.1 6.87 21.2 
1.09 6.33 1.09 10.0 3.37 21.3 5.61 29.9 
0.774 7.76 0.774 12.2 2.38 26.1 3.96 36.6 
0.401 8.65 0.401 13.7 1.23 29.1 2.05 40.9 
0.0 8.96 0.0 14.1 0.0 30.1 0.0 42.3 
3.5CS1.625x071 4.34 0.0 7.23 0.0 3CS3x090 4.13 0.0 6.89 0.0 
4.19 4.50 6.98 7.48 3.99 6.29 6.66 8.88 
3.76 8.69 6.26 14.4 3.58 12.2 5.97 17.2 
3.07 12.3 5.11 20.4 2.92 17.2 4.87 24.3 
2.17 15.0 3.62 25.0 2.07 21.1 3.44 29.7 
1.12 16.8 1.87 27.9 1.07 23.5 1.78 33.1 
0.0 17.4 0.0 28.9 0.0 24.3 0.0 34.3 
3.5CS1.625x057 3.58 0.0 5.51 0.0 3CS3x075 3.49 0.0 5.82 0.0 
3.46 3.72 5.32 5.96 3.37 4.87 5.62 7.59 
3.10 7.19 4.77 11.5 3.02 9.40 5.04 14.7 
2.53 10.2 3.89 16.3 2.47 13.3 4.12 20.7 
1.79 12.5 2.75 20.0 1.75 16.3 2.91 25.4 
0.927 13.9 1.43 22.3 0.903 18.2 1.51 28.3 
I 0.0 14.4 0.0 23.0 0.0 18.8 0.0 29.3 
L 
II-68 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 6b C LRFD - Combined Shear and Bending C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V 1 Mu 1 V 1 M1 Section V1 Mu 1 Vu 1 Mu 1 u u u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
3CS3x060 2.83 0.0 4.71 0.0 2.5CS1.625x057 2.45 0.0 4.08 0.0 
2.73 3.88 4.55 5.78 2.37 2.27 3.94 3.48 
2.45 7.50 4.08 11.2 2.12 4.39 3.53 6.72 
2.00 10.6 3.33 15.8 1.73 6.21 2.88 9.51 
1.41 13.0 2.36 19.3 1.23 7.61 2.04 11.6 
0.732 14.5 1.22 21.6 0.634 8.49 1.06 13.0 
0.0 15.0 0.0 22.3 0.0 8.79 0.0 13.4 
3CS1 .625x071 3.64 0.0 6.06 0.0 2. 5CS 1 .625x045 1.98 0.0 3.30 0.0 
3.52 3.55 5.85 5.69 1.91 1.80 3.19 2.63 
3.15 6.86 5.25 11.0 1.71 3.48 2.86 5.09 
2.57 9.71 4.29 15.6 1.40 4.92 2.33 7.19 
1.82 11.9 3.03 19.1 0.990 6.02 1.65 8.81 
~ 
0.942 13.3 1.57 21.3 0.512 6.72 0.854 9.83 
0.0 13.7 0.0 22.0 0.0 6.95 0.0 10.2 
3CS1.625x057 3.01 0.0 5.02 0.0 2.5CS1.625x035 1.55 0.0 2.08 0.0 
2.91 2.88 4.85 4.42 1.50 1.31 2.01 1.96 
2.61 5.56 4.35 8.53 1.34 2.54 1.80 3.79 
2.13 7.86 3.55 12.1 1.10 3.59 1.47 5.35 
1.50 9.63 2.51 14.8 0.775 4.39 1.04 6.56 
0.779 10.7 1.30 16.5 0.401 4.90 0.538 7.31 
0.0 11 .1 0.0 17.1 0.0 5.07 0.0 7.57 
3CS 1.625x045 2.43 0.0 3.43 0.0 1.5CS1.625x071 1.53 0.0 2.54 0.0 
2.35 2.27 3.31 3.35 1.48 1.44 2.45 2.33 
2.10 4.39 2.97 6.47 1.33 2.78 2.20 4.49 
1.72 6.21 2.42 9.15 1.08 3.94 1.80 6.35 
1.22 7.60 1.71 11.2 0.765 4.82 1.27 7.78 
0.629 8.48 0.887 12.5 0.396 5.38 0.657 8.68 
0.0 8.78 0.0 12.9 0.0 5.57 0.0 8.99 
3CS 1 .625x035 1.61 0.0 2.01 0.0 1.5CS1.625x057 1.32 0.0 2.20 0.0 
1.56 1.66 1.94 2.50 1.28 1.19 2.13 1.81 
1.40 3.21 1.74 4.83 1.14 2.30 1.91 3.50 
1.14 4.53 1.42 6.82 0.933 3.25 1.56 4.95 
0.805 5.55 1.00 8.36 0.660 3.98 1.10 6.06 
0.417 6.19 0.519 9.32 0.342 4.44 0.569 6.76 
0.0 6.41 0.0 9.65 0.0 4.60 0.0 7.00 
2.5CS1.625x071 2.93 0.0 4.89 0.0 1.5CS 1.625x045 1.09 0.0 1.82 0.0 
2.83 2.80 4.72 4.49 1.05 0.952 1.76 1.37 
2.54 5.41 4.23 8.67 0.944 1.84 1.58 2.65 
2.07 7.64 3.46 12.3 0.771 2.60 1.29 3.74 
1.47 9.36 2.44 15.0 0.545 3.18 0.910 4.58 
0.758 10.4 1.27 16.7 0.282 3.55 0.471 5.11 
0.0 10.8 0.0 17.3 0.0 3.68 0.0 5.29 
--
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 6b 
LRFD - Combined Shear and Bending 
C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi 
Section V1 M1 Vu 1 M1 Section V 1 Mu 1 u u u u 
kips kip-in. kips kip-in. kips kip-in. 
1.5CS1.625x035 0.860 0.0 1.43 0.0 
0.831 0.691 1.38 1.02 
0.745 1.33 1.24 1.96 
0.608 1.89 1.01 2.77 
0.430 2.31 0.715 3.40 
0.223 2.58 0.370 3.79 
0.0 2.67 0.0 3.92 
Notes: 
1. Shear and moment capacites given have been multiplied by the appropriate resis-
tance factors. This table is for LRFD use only. 
II-69 
C 
Fy = 55 ksi 
Vu 1 Mu 1 
kips kip-in. 
II-70 Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table 11-7a S ASD - Combined Shear and Bending Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 M1 V1 M1 Section V1 M1 V1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
12lS3.25x135 15.9 0.0 18.5 0.0 1 OlS3x1 05 9.63 0.0 10.5 0.0 
15.4 45.8 17.8 71.9 9.31 26.4 10.1 39.9 
13.8 88.5 16.0 139 8.34 51.0 9.08 77.1 
11.3 125 13.1 196 6.81 72.1 7.41 109 
7.96 153 9.24 240 4.82 88.3 5.24 134 
4.12 171 4.78 268 2.49 98.5 2.71 149 
0.0 177 0.0 278 0.0 102 0.0 154 
12lS3.25x105 8.65 0.0 8.65 0.0 10lS3x090 6.58 0.0 6.58 0.0 
8.35 34.6 8.35 51.6 6.36 22.2 6.36 32.4 
7.49 66.9 7.49 99.7 5.70 42.9 5.70 62.6 
6.11 94.6 6.11 141 4.65 60.7 4.65 88.5 
4.32 116 4.32 173 3.29 74.4 3.29 108 
2.24 129 2.24 193 1.70 82.9 1.70 121 
0.0 134 0.0 199 0.0 85.9 0.0 125 
12lS3.25x090 5.43 0.0 5.43 0.0 10lS3x075 3.80 0.0 3.80 0.0 
5.25 29.1 5.25 42.7 I 3.67 17.7 3.67 26.2 
4.70 56.3 4.70 82.5 3.29 34.3 3.29 50.6 
I 
3.84 79.6 3.84 117 I 2.68 48.4 2.68 71.6 
2.72 97.4 2.72 143 1.90 59.3 1.90 87.7 
1.41 109 1.41 159 0.983 66.2 0.983 97.8 
0.0 113 0.0 165 0.0 68.5 0.0 101 
12lS3.25x075 3.13 0.0 3.13 0.0 10lS3x060 1.94 0.0 1.94 0.0 
3.03 22.8 3.03 31.4 1.87 13.9 1.87 18.3 
2.71 44.0 2.71 60.6 1.68 26.8 1.68 35.4 
2.21 62.2 2.21 85.7 1.37 37.9 1.37 50.0 
1.57 76.1 1.57 105 0.970 46.4 0.970 61.2 
0.811 84.9 0.811 117 0.502 51.7 0.502 68.3 
0.0 87.9 0.0 121 0.0 53.6 0.0 70.7 
12lS3.25x060 1.60 0.0 1.60 0.0 9lS3x135 14.9 0.0 20.6 0.0 
1.54 16.5 1.54 22.0 14.4 29.4 19.9 46.5 
1.38 31.9 1.38 42.6 12.9 56.9 17.8 89.9 
1.13 45.2 1.13 60.2 10.5 80.4 14.5 127 
0.799 55.3 0.799 73.7 7.44 98.5 10.3 156 
0.414 61.7 0.414 82.2 3.85 110 5.32 174 
0.0 63.9 0.0 85.1 0.0 114 0.0 180 
10lS3x135 15.9 0.0 20.6 0.0 9lS3x105 9.63 0.0 11.7 0.0 
15.4 34.0 19.9 53.8 9.31 22.9 11.3 34.5 
13.8 65.7 17.8 104 8.34 44.2 10.2 66.6 
11.3 92.9 14.5 147 I 6.81 62.5 8.29 94.2 
7.96 114 10.3 180 4.82 76.5 5.87 115 
4.12 127 5.32 201 2.49 85.4 3.04 129 
0.0 131 0.0 
1
208 0.0 88.4 0.0 133 I, 
~ 
~ 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification II-71 
Table 11-7a S ASD - Combined Shear and Bending Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 M1 y1 M1 Section y1 M1 y1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
9lS3x090 7.08 0.0 7.36 0.0 8lS2.5x060 2.46 0.0 2.46 0.0 
6.84 19.3 7.11 27.9 2.37 9.89 2.37 14.6 
6.13 37.2 6.37 53.9 2.13 19.1 2.13 28.1 
5.00 52.6 5.20 76.2 1.74 27.0 1.74 39.8 
3.54 64.4 3.68 93.3 1.23 33.1 1.23 48.7 
1.83 71.9 1.90 104 0.635 36.9 0.635 54.3 
0.0 74.4 0.0 108 0.0 38.2 0.0 56.2 
9lS3x075 4.25 0.0 4.25 0.0 8lS2.5x048 1.25 0.0 1.25 0.0 
4.10 15.3 4.10 23.4 1.21 7.77 1.21 10.4 
3.68 29.6 3.68 45.1 1.08 15.0 1.08 20.0 
3.00 41.9 3.00 63.8 0.885 21 .2 0.885 28.3 
2.12 51.3 2.12 78.1 0.626 26.0 0.626 34.7 
1.10 57.2 1.10 87.2 0.324 29.0 0.324 38.7 
0.0 59.3 0.0 90.2 0.0 30.0 0.0 40.1 
9lS3x060 2.17 0.0 2.17 0.0 8lS2x105 9.63 0.0 12.4 0.0 
2.09 12.0 2.09 16.5 9.31 15.7 12.0 26.1 
1.88 23.1 1.88 31.9 8.34 30.3 10.8 50.5 
1.53 32.7 1.53 45.1 6.81 42.8 8.79 71.4 
1.08 40.1 1.08 55.3 4.82 52.5 6.22 87.4 
0.561 44.7 0.561 61.6 2.49 58.5 3.22 97.5 
0.0 46.3 0.0 63.8 0.0 60.6 0.0 101 
8lS2 .5x105 9.63 0.0 12.4 0.0 8lS2x090 7.08 0.0 8.35 0.0 
9.31 17.8 12.0 28.6 6.84 13.6 8.06 22.6 
8.34 34.3 10.8 55.2 6.13 26.2 7.23 43.7 
6.81 48.5 8.79 78.1 5.00 37.0 5.90 61.8 
4.82 59.5 6.22 95.7 3.54 45.4 4.17 75.6 
2.49 66.3 3.22 107 1.83 50.6 2.16 84.4 
0.0 68.7 0.0 11 0 0.0 52.4 0.0 87.3 
8lS2.5x090 7.08 0.0 8.35 0.0 8lS2x075 4.81 0.0 4.81 0.0 
6.84 15.4 8.06 24.1 4.65 11.4 4.65 19.0 
6.13 29.7 7.23 46.5 4.17 22.0 4.17 36.7 
5.00 42.0 5.90 65.8 3.40 31.2 3.40 51.9 
3.54 51.4 4.17 80.6 2.41 38.2 2.41 63.6 
1.83 57.3 2.16 89.9 1.25 42.6 1.25 70.9 
0.0 59.4 0.0 93.1 0.0 44.1 0.0 73.4 
8lS2.5x075 4.81 0.0 4.81 0.0 8lS2x060 2.46 0.0 2.46 0.0 
4.65 12.9 4.65 18.7 2.37 9.21 2.37 14.4 
4.17 24.9 4.17 36.1 2.13 17.8 2.13 27.8 
3.40 35.3 3.40 51.1 1.74 25.2 1.74 39.3 
2.41 43.2 2.41 62.6 1.23 30.8 1.23 48.2 
1.25 48.2 1.25 69.8 0.635 34.4 0.635 53.7 
0.0 49.9 0.0 72.3 0.0 35.6 0.0 55.6 
-
-_.-
II-72 Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table 11-7a S ASD - Combined Shear and Bending Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V 1 M1 V1 M1 Section V 1 M1 V1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
8lS2x048 1.25 0.0 1.25 0.0 6lS2x105 7.51 0.0 12.4 0.0 
1.21 7.34 1.21 10.2 7.25 10.5 12.0 17.5 
1.08 14.2 1.08 19.7 6.50 20.3 10.8 33.9 
0.885 20.1 0.885 27.9 5.31 28.7 8.79 47.9 
0.626 24.6 0.626 34.1 3.75 35.2 6.22 58.7 
0.324 27.4 0.324 38.1 1.94 39.3 3.22 65.4 
0.0 28.4 0.0 39.4 0.0 40.6 0.0 67.7 
7lS2x105 8.89 0.0 12.4 0.0 6ZS2x090 6.47 0.0 9.14 0.0 
8.59 13.0 12.0 21.7 6.25 9.12 8.83 15.2 
7.70 25.1 10.8 41.9 5.60 17.6 7.91 29.4 
6.29 35.5 8.79 59.2 4.57 24.9 6.46 41.5 
4.45 43.5 6.22 72.5 3.23 30.5 4.57 50.8 
2.30 48.5 3.22 80.9 1.67 34.0 2.37 56.7 
0.0 50.3 0.0 83.8 0.0 35.2 0.0 58.7 
7ZS2x090 7.08 0.0 9.14 0.0 6lS2x075 4.92 0.0 6.35 0.0 
6.84 11 .3 8.83 18.8 4.75 7.68 6.13 12.8 
6.13 21.8 7.91 36.3 4.26 14.8 5.50 24.7 
5.00 30.8 6.46 51.3 3.48 21.0 4.49 - 35.0 
3.54 37.7 4.57 62.8 2.46 25.7 3.17 42.8 
1.83 42.0 2.37 70.0 1.27 28.7 1.64 47.8 
0.0 43.5 0.0 72.5 0.0 29.7 0.0 49.5 
7lS2x075 4.92 0.0 5.56 0.0 6ZS2x060 3.14 0.0 3.35 0.0 
4.75 9.48 5.37 15.8 3.04 6.21 3.23 9.66 
4.26 18.3 4.81 30.5 2.72 12.0 2.90 18.7 
3.48 25.9 3.93 43.2 2.22 17.0 2.37 26.4 
2.46 31.7 2.78 52.9 1.57 20.8 1.67 32.3 
1.27 35.4 1.44 59.0 0.814 23.2 0.866 36.1 
0.0 36.6 0.0 61.0 0.0 24.0 0.0 37.3 
7ZS2x060 2.83 0.0 2.83 0.0 6lS2x048 1.71 0.0 1.71 0.0 
2.74 7.66 2.74 11.9 1.65 4.96 1.65 7.49 
2.45 14.8 2.45 23.1 1.48 9.57 1.48 14.5 
2.00 20.9 2.00 32.6 1.21 13.5 1.21 20.5 
1.42 25.6 1.42 40.0 0.853 16.6 0.853 25.1 
0.733 28.6 0.733 44.6 0.442 18.5 0.442 27.9 
0.0 29.6 0.0 46.1 0.0 19.1 0.0 28.9 
7lS2x048 1.44 0.0 1.44 0.0 5ZS2x090 5.28 0.0 8.80 0.0 
1.39 6.11 1.39 8.97 5.10 7.12 8.50 11.9 
1.25 11.8 1.25 17.3 4.57 13.8 7.62 22.9 
1.02 16.7 1.02 24.5 3.73 19.5 6.22 32.4 
0.722 20.4 0.722 30.0 2.64 23.8 4.40 39.7 
0.374 22.8 0.374 33.5 1.37 26.6 2.28 44.3 
0.0 23.6 0.0 34.7 0.0 27.5 0.0 45.9 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification II-73 
Table 11-7a S ASD - Combined Shear and Bending Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Section V1 M1 V1 M1 Section V 1 M1 V1 M1 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
5ZS2x075 4.43 0.0 6.35 0.0 4ZS2x060 2.77 0.0 4.06 0.0 
4.28 6.01 6.13 10.0 2.68 3.63 3.92 5.62 
3.84 11.6 5.50 19.4 2.40 7.01 3.52 10.9 
3.13 16.4 4.49 27.4 1.96 9.92 2.87 15.4 
2.22 20.1 3.17 33.5 1.39 12.1 2.03 18.8 
1.15 22.4 1.64 37.4 0.718 13.5 1.05 21.0 
0.0 23.2 0.0 38.7 0.0 14.0 0.0 21.7 
5ZS2x060 3.14 0.0 4.06 0.0 4ZS2x048 2.01 0.0 2.60 0.0 
3.04 4.87 3.92 7.55 1.94 2.90 2.51 4.34 
2.72 9.40 3.52 14.6 1.74 5.60 2.25 8.38 
2.22 13.3 2.87 20.6 1.42 7.93 1.84 11.8 
1.57 16.3 2.03 25.3 1.01 9.71 1.30 14.5 
0.814 18.2 1.05 28.2 0.521 10.8 0.673 16.2 
0.0 18.8 0.0 29.2 0.0 11.2 0.0 16.8 
5ZS2x048 2.01 0.0 2.08 0.0 4ZS2x036 1.12 0.0 1.12 0.0 
1.94 3.89 2.01 5.84 1.08 1.99 1.08 3.02 
1.74 7.51 1.80 11.3 0.970 3.85 0.970 5.84 
1.42 10.6 1.47 16.0 0.792 5.45 0.792 8.26 
1.01 13.0 1.04 19.5 0.560 6.67 0.560 10.1 
0.521 14.5 0.539 21.8 0.290 7.44 0.290 11.3 
0.0 15.0 0.0 22.6 0.0 7.70 0.0 11.7 
5ZS2x036 0.874 0.0 0.874 0.0 3ZS 1 .75x090 2.91 0.0 4.84 0.0 
0.844 2.68 0.844 3.99 2.81 3.29 4.68 5.49 
0.757 5.18 0.757 7.71 2.52 6.36 4.19 10.6 
0.618 7.33 0.618 10.9 2.06 8.99 3.42 15.0 
0.437 8.98 0.437 13.3 1.45 11.0 2.42 18.4 
0.226 10.0 0.226 14.9 0.752 12.3 1.25 20.5 
0.0 10.4 0.0 15.4 0.0 12.7 0.0 21.2 
4ZS2x090 4.09 0.0 6.82 0.0 3ZS1.75x075 2.45 0.0 4.09 0.0 
3.95 5.29 6.59 8.82 2.37 2.79 3.95 4.66 
3.54 10.2 5.91 17.0 2.12 5.40 3.54 8.99 
2.89 14.5 4.82 24.1 1.73 7.63 2.89 12.7 
2.05 17.7 3.41 29.5 1.23 9.34 2.04 15.6 
1.06 19.7 1.77 32.9 0.635 10.4 1.06 17.4 
0.0 20.4 0.0 34.1 0.0 10.8 0.0 18.0 
4ZS2x075 3.44 0.0 5.73 0.0 3ZS 1 .75x060 1.99 0.0 3.31 0.0 
3.32 4.47 5.54 7.45 1.92 2.28 3.19 3.78 
2.98 8.64 4.97 14.4 1.72 4.40 2.86 7.31 
2.43 12.2 4.05 20.4 1.40 6.22 2.34 10.3 
1.72 15.0 2.87 24.9 0.993 7.61 1.65 12.7 
0.890 16.7 1.48 27.8 0.514 8.49 0.856 14.1 
0.0 17.3 0.0 28.8 0.0 8.79 0.0 14.6 
II-74 Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table 11-7a 
ASO - Combined Shear and Bending 
Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi 
Section V1 M1 V 1 M1 Section V 1 M1 
kips kip-in. kips kip-in. kips kip-in. 
3lS1.75x048 1.60 0.0 2.60 0.0 3lS1.75x036 1.13 0.0 
1.55 1.84 2.51 2.87 1.09 1.29 
1.39 3.56 2.25 5.54 0.980 2.49 
1.13 5.04 1.84 7.84 0.800 3.53 
0.800 6.17 1.30 9.60 0.566 4.32 
0.414 6.88 0.673 10.7 0.293 4.82 
0.0 7.13 0.0 11.1 0.0 4.99 
Notes: 
1. Shear and moment capacites given have been divided by the appropriate factors of 
safety. This table is for ASD use only. 
S 
Fy = 55 ksi 









Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 11-75 
Table 11-7b S LRFD - Combined Shear and Bending Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Sections V 1 Mu 1 V 1 M1 Section V 1 Mu 1 V 1 M1 u u u u u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
12ZS3.25x135 23.9 0.0 27.8 0.0 10ZS3x105 14.5 0.0 15.8 0.0 
23.1 72.7 26.8 114 14.0 41.9 15.2 63.4 
20.7 140 24.0 220 12.5 80.9 13.6 122 
16.9 199 19.6 311 10.2 114 11.1 173 
12.0 243 13.9 381 7.24 140 7.88 212 
6.19 271 7.19 425 3.75 156 4.08 236 
0.0 281 0.0 440 0.0 162 0.0 245 
12lS3.25x105 13.0 0.0 13.0 0.0 10ZS3x090 9.89 0.0 9.89 0.0 
12.6 54.9 12.6 81 .9 9.55 35.3 9.55 51.4 
11.3 106 11.3 158 8.57 68.1 8.57 99.2 
9.19 150 9.19 224 6.99 96.3 6.99 140 
6.50 184 6.50 274 4.95 118 4.95 172 
3.36 205 3.36 306 2.56 132 2.56 192 
0.0 212 0.0 316 0.0 136 0.0 198 
12ZS3.25x090 8.16 0.0 8.16 0.0 10ZS3x075 5.71 0.0 5.71 0.0 
7.88 46.2 7.88 67.7 5.51 28.1 5.51 41.6 
7.07 89.3 7.07 131 4.94 54.3 4.94 80.3 
5.77 126 5.77 185 4.03 76.9 4.03 114 
4.08 155 4.08 227 2.85 94.1 2.85 139 
2.11 172 2.11 253 1.48 105 1.48 155 
0.0 179 0.0 262 0.0 109 0.0 161 
12ZS3.25x075 4.71 0.0 4.71 0.0 10lS3x060 2.92 0.0 2.92 0.0 
4.55 36.1 4.55 49.8 2.82 22.0 2.82 29.0 
4.08 69.7 4.08 96.1 2.53 42.5 2.53 56.1 
3.33 98.6 3.33 136 2.06 60.1 2.06 79.3 
2.35 121 2.35 167 1.46 73.6 1.46 97.1 
1.22 135 1.22 186 0.755 82. 1 0.755 108 
0.0 139 0.0 192 0.0 85.0 0.0 112 
12ZS3.25x060 2.40 0.0 2.40 0.0 9lS3x135 22.3 0.0 30.9 0.0 
2.32 26.2 2.32 34.9 21.6 46.7 29.8 73.8 
2.08 50.7 2.08 67.5 19.3 90.2 26.8 143 
1.70 71.7 1.70 95.5 15.8 128 21 .8 202 
1.20 87.8 1.20 117 11 .2 156 15.4 247 
0.622 97.9 0.622 130 5.78 174 8.00 275 
0.0 101 0.0 135 0.0 180 0.0 285 
10lS3x135 23.9 0.0 30.9 0.0 9lS3x105 14.5 0.0 17.6 0.0 
23.1 53.9 29.8 85.3 14.0 36.3 17.0 54.7 
20.7 104 26.8 165 12.5 70. 1 15.3 106 
16.9 147 21.8 233 10.2 99.2 12.5 149 
12.0 180 15.4 286 7.24 121 8.82 183 
6.19 201 8.00 318 3.75 135 4.56 204 
0.0 208 0.0 330 0.0 140 0.0 211 
~--
II-76 Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table 11-7b S LRFD - COlTlbined Shear and Bending Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Sections V 1 M1 V 1 M1 Section V 1 Mu 1 V1 Mu 1 u u u u u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
9ZS3x090 10.6 0.0 11.1 0.0 8ZS2.5x060 3.69 0.0 3.69 0.0 
10.3 30.6 10.7 44.2 3.56 15.7 3.56 23.1 
9.21 59.0 9.58 85.4 3.20 30.3 3.20 44.6 
7.52 83.5 7.82 121 2.61 42.9 2.61 63.1 
5.32 102 5.53 148 1.85 52.5 1.84 77.3 
2.75 114 2.86 165 0.955 58.6 0.955 86.2 
0.0 118 0.0 171 0.0 60.6 0.0 89.2 
9ZS3x075 6.38 0.0 6.38 0.0 8ZS2.5x048 1.88 0.0 1.88 0.0 
6.16 24.3 6.16 37.0 1.82 12.3 1.82 16.5 
5.53 47.0 5.53 71.6 1.63 23.8 1.63 31.8 
4.51 66.5 4.51 101 1.33 33.7 1.33 44.9 
3.19 81.4 3.19 124 0.941 41.2 0.940 55.0 
1.65 90.8 1.65 138 0.487 46.0 0.487 61.4 
0.0 94.0 0.0 143 0.0 47.6 0.0 63.6 
9ZS3x060 3.26 0.0 3.26 0.0 8ZS2x10S 14.5 0.0 18.7 0.0 
3.15 19.0 3.15 26.2 14.0 24.9 18.1 41.5 
2.82 36.7 2.82 50.6 12.5 48.1 16.2 80.1 
2.30 51.9 2.30 71.6 10.2 68.0 13.2 113 
1.63 63.6 1.63 87.7 7.24 83.2 9.35 139 
0.843 70.9 0.843 97.8 3.75 92.8 4.84 155 
0.0 73.4 0.0 101 0.0 96.1 0.0 160 
8lS2.5x10S 14.5 0.0 18.7 0.0 8lS2x090 10.6 0.0 12.5 0.0 
14.0 28.2 18.1 45.4 10.3 21.5 12.1 35.9 
12.5 54.5 16.2 87.6 9.21 41.6 10.9 69.3 
10.2 77.0 13.2 124 7.52 58.8 8.87 98.0 
7.24 94.3 9.35 152 5.32 72.0 6.27 120 
3.75 105 4.84 169 2.75 80.3 3.25 134 
0.0 109 0.0 175 0.0 83.1 0.0 139 
8lS2.5x090 10.6 0.0 12.5 0.0 8ZS2x075 7.24 0.0 7.24 0.0 
10.3 24.4 12.1 38.2 6.99 18.1 6.99 30.2 
9.21 47.1 10.9 73.8 6.27 35.0 6.27 58.3 
7.52 66.6 8.87 104 S.12 49.4 5.12 82.4 
5.32 81.5 6.27 128 3.62 60.5 3.62 101 
2.75 91.0 3.25 143 1.87 67.S 1.87 113 
0.0 94.2 0.0 148 0.0 69.9 0.0 117 
8lS2.5x075 7.24 0.0 7.24 0.0 8ZS2x060 3.69 0.0 3.69 0.0 
6.99 20.5 6.99 29.7 3.56 14.6 3.56 22.8 
6.27 39.6 6.27 57.3 3.20 28.2 3.20 44.1 
5.12 56.0 5.12 81.1 2.61 39.9 2.61 62.4 
3.62 68.5 3.62 99.3 1.85 48.9 1.84 76.4 
1.87 76.4 1.87 111 0.955 54.5 0.955 85.3 
0.0 79.1 0.0 115 0.0 56.4 0.0 88.3 
- -- ..... ~- - -
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification II-77 
Table 11-7b S LRFD - Combined Shear and Bending Z-Sections With Lips 
Sections 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
V 1 Mu 1 V 1 Mu 1 Section V1 Mu 1 V 1 Mu 1 u u u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in . 
8lS2x048 1.88 0.0 1.88 0.0 6lS2x105 11.3 0.0 18.7 0.0 
1.82 11.6 1.82 16.2 10.9 16.7 18.1 27.8 
1.63 22.5 1.63 31.3 9.75 32.2 16.2 53.7 
1.33 31.8 1.33 44.2 7.96 45.6 13.2 76.0 
0.941 39.0 0.940 54.1 5.63 55.8 9.35 93.1 
0.487 43.5 0.487 60.4 2.91 62.3 4.84 104 
0.0 45.0 0.0 62.5 0.0 64.5 0.0 107 
7lS2x105 13.3 0.0 18.7 0.0 6lS2x090 9.70 0.0 13.7 0.0 
12.9 20.6 18.1 34.4 9.37 14.5 13.3 24.1 
11.6 39.9 16.2 66.4 8.40 27.9 11.9 46.6 
9.43 56.4 13.2 94.0 6.86 39.5 9.71 65.9 
6.67 69.1 9.35 115 4.85 48.4 6.87 80.7 
3.45 77.0 4.84 128 2.51 54.0 3.55 90.0 
0.0 79.7 0.0 133 0.0 55.9 0.0 93.1 
7lS2x090 10.6 0.0 13.7 0.0 6lS2x075 7.39 0.0 9.54 0.0 
10.3 17.9 13.3 29.8 7.14 12.2 9.21 20.3 
9.21 34.5 11.9 57.5 6.40 23.5 8.26 39.2 
7.52 48.8 9.71 81.3 5.22 33.3 6.75 55.5 
5.32 59.8 6.87 99.6 3.69 40.8 4.77 67.9 
2.75 66.7 3.55 111 1.91 45.5 2.47 75.8 
0.0 69.0 0.0 115 0.0 47.1 0.0 78.5 
7lS2x075 7.39 0.0 8.35 0.0 6lS2x060 4.72 0.0 5.03 0.0 
7.14 1S.0 8.07 25.1 4.56 9.85 4.86 15.3 
6.40 29.0 7.23 48.4 4.09 19.0 4.36 29.6 
5.22 4 1.1 5.91 68.5 3.34 26.9 3.56 41.9 
3.69 50.3 4.1 8 83.9 2.36 33.0 2.52 51.3 
1.91 56.1 2.16 93.5 1.22 36.8 1.30 57.2 
0.0 58.1 0.0 96.8 0.0 38.1 0.0 59.2 
7lS2x060 4.26 0.0 4.26 0.0 6lS2x048 2.57 0.0 2.56 0.0 
4.11 12.1 4. 11 18.9 2.48 7.86 2.48 11.9 
3.69 23.S 3.69 36.6 2.22 1S.2 2.22 23.0 
3.01 33.2 3.01 51.8 1.81 21 .5 1.81 32.5 
2.13 40.7 2.1 3 63.4 1.28 26.3 1.28 39.8 
1.10 45.3 1.10 70.7 0.664 29.3 0.664 44.3 
0.0 46.9 0.0 73.2 0.0 30.4 0.0 45.9 
7lS2x048 2.17 0.0 2.17 0.0 5lS2x090 7.92 0.0 13.2 0.0 
2.10 9.69 2.10 14.2 7.65 11.3 12.8 18.8 
1.88 18.7 1.88 27.5 6.86 21.8 11.4 36.4 
1.53 26.5 1.53 38.9 5.60 30.9 9.33 51.5 
1.08 32.4 1.08 47.6 3.96 37.8 6.60 63.0 
0.561 36.2 0.561 53. 1 2.0S 42.2 3.42 70.3 
0.0 37.4 0.0 55.0 0.0 43.7 0.0 72.8 
-
II-78 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11-7b S LRFD - Combined Shear and Bending Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi Fy = 55 ksi 
Sections Vu 1 Mu 1 V 1 Mu 1 Section Vu 1 Mu 1 V 1 Mu 1 u u 
kips kip-in. kips kip-in. kips kip-in. kips kip-in. 
5lS2x075 6.65 0.0 9.54 0.0 4lS2x060 4.16 0.0 6.10 0.0 
6.42 9.54 9.21 15.9 4.02 5.76 5.89 8.92 
5.76 18.4 8.26 30.7 3.60 11.1 5.28 17.2 
4.70 26.1 6.75 43.4 2.94 15.7 4.31 24.4 
3.33 31.9 4.77 53.2 2.08 19.3 3.05 29.8 
1.72 35.6 2.47 59.3 1.08 21.5 1.58 33.3 
0.0 36.8 0.0 61.4 0.0 22.2 0.0 34.4 
5lS2x060 4.72 0.0 6.10 0.0 4lS2x048 3.02 0.0 3.91 0.0 
4.56 7.72 5.89 12.0 2.92 4.60 3.77 6.88 
, 4.09 14.9 5.28 23.1 2.62 8.89 3.38 13.3 
3.34 21.1 4.31 32.7 2.14 12.6 2.76 18.8 
2.36 25.8 3.05 40.1 1.51 15.4 1.95 23.0 
1.22 28.8 1.58 44.7 0.783 17.2 1.01 25.7 
0.0 29.8 0.0 46.3 0.0 17.8 0.0 26.6 
5lS2x048 3.02 0.0 3.13 0.0 4lS2x036 1.68 0.0 1.68 0.0 
2.92 6.17 3.03 9.27 1.63 3.16 1.63 4.80 
2.62 11.9 2.71 17.9 1.46 6.11 1.46 9.27 
2.14 16.8 2.21 25.3 1.19 8.64 1.19 13.1 
1.51 20.6 1.57 31.0 0.841 10.6 0.841 16.1 
0.783 23.0 0.811 34.6 0.436 11.8 0.436 17.9 
0.0 23.8 0.0 35.8 0.0 12.2 0.0 18.5 
5ZS2x036 1.31 0.0 1.31 0.0 3lS1.75x090 4.36 0.0 7.26 0.0 
1.27 4.26 1.27 6.33 4.21 5.22 7.01 8.70 
1.14 8.22 1.14 12.2 3.78 10.1 6.29 16.8 
0.929 11.6 0.929 17.3 3.08 14.3 5.13 23.8 
0.657 14.2 0.657 21.2 2.18 17.5 3.63 29.1 
0.340 15.9 0.340 23.6 1.13 19.5 1.88 32.5 
0.0 16.4 0.0 24.5 0.0 20.2 0.0 33.6 
, 4ZS2x090 6.14 0.0 10.2 0.0 3lS1.75x075 3.68 0.0 6.13 0.0 
5.93 8.39 9.88 14.0 3.55 4.43 5.92 7.39 
5.32 16.2 8.86 27.0 3.19 8.56 5.31 14.3 
4.34 22.9 7.23 38.2 2.60 12.1 4.33 20.2 
3.07 28.1 5.11 46.8 1.84 14.8 3.07 24.7 
1.59 31.3 2.65 52.2 0.952 16.5 1.59 27.6 
0.0 32.4 0.0 54.1 0.0 17.1 0.0 28.5 
4lS2x075 5.16 0.0 8.60 0.0 3lS1.75x060 2.98 0.0 4.96 0.0 
I- 4.98 7.10 8.31 11.8 2.88 3.61 4.79 6.00 
. . 4.47 13.7 7.45 22.8 2.58 6.97 4.30 11.6 
3.65 19.4 6.08 32.3 2.11 9.86 3.51 16.4 
2.58 23.7 4.30 39.6 1.49 12.1 2.48 20.1 
1.34 26.5 2.23 44.1 0.771 13.5 1.28 22.4 
0.0 27.4 0.0 45.7 0.0 13.9 0.0 23.2 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11-7b 
LRFD - Combined Shear and Bending 
Z-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi Fy = 33 ksi 
Sections V 1 Mu 1 V 1 Mu 1 Section V1 Mu 1 u u u 
kips kip-in. kips kip-in. kips kip-in. 
3ZS 1. 75x048 2.40 0.0 3.91 0.0 3Z81.75x036 1.70 0.0 
2.32 2.93 3.77 4.55 1.64 2.05 
2.08 5.65 3.38 8.80 1.47 3.96 
1.70 7.99 2.76 12.4 1.20 5.60 
1.20 9.79 1.95 15.2 0.850 6.85 
0.621 10.9 1.01 17.0 0.440 7.64 
0.0 11.3 0.0 17.6 0.0 7.91 
Notes: 
1. Shear and moment capacites given have been multiplied by the appropriate resis-
tance factors . This table is for LRFD use only. 
11-79 
S 
Fy = 55 ksi 









II-80 Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table 11-8 
Web Crippling, Pn, kips 1 nw=1.85 C C-Sections With Lips <Pw = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
16CS3.75x135 A 4.79 5.40 6.02 6.64 6.22 7.02 7.83 8.63 
B 8.68 9.49 10.3 11.1 12.3 13.5 14.7 15.8 
C 3.28 3.70 4.13 4.55 4.26 4.81 5.36 5.91 
0 9.10 9.27 9.44 9.61 12.9 13.2 13.4 13.7 
16CS3. 75x1 05 A 2.52 2.92 3.33 3.73 3.28 3.80 4.32 4.85 
B 4.93 5.51 6.09 6.91 7.01 7.84 8.66 9.83 
C 1.68 1.94 2.21 2.48 2.18 2.53 2.88 3.22 
0 4.58 4.69 4.80 4.91 6.51 6.67 6.83 6.98 
16CS3.75x090 A 1.65 1.95 2.25 2.55 2.14 2.53 2.92 3.31 
B 3.45 3.91 4.42 5.15 4.90 5.56 6.29 7.33 
C 1.07 1.26 1.46 1.65 1.39 1.64 1.89 2.14 
0 2.88 2.96 3.04 3.12 4.09 4.21 4.32 4.44 
16CS3.75x075 A 0.955 1.16 1.36 1.56 1.24 1.50 1.76 2.03 
B 2.22 2.57 3.05 3.60 3.16 3.65 4.34 5.12 
C 0.590 0.714 0.838 0.962 0.767 0.928 1.09 1.25 
0 1.54 1.60 1.65 1.70 2.20 2.27 2.34 2.42 
14CS3.75x135 A 4.95 5.59 6.23 6.87 6.44 7.27 8.10 8.93 
B 8.89 9.72 10.6 11.4 12.6 13.8 15.0 16.2 
C 3.43 3.88 4.32 4.76 4.46 5.04 5.62 6.19 
0 9.69 9.87 10.1 10.2 13.8 14.0 14.3 14.6 
14CS3.75x105 A 2.64 3.06 3.49 3.91 3.43 3.98 4.53 5.08 
B 5.09 5.69 6.29 7.14 7.24 8.09 8.95 10.1 
C 1.79 2.07 2.36 2.65 2.32 2.70 3.07 3.44 
0 5.03 5.15 5.27 5.39 7.15 7.32 7.49 7.66 
14CS3.75x090 A 1.75 2.07 2.38 2.70 2.27 2.69 3.10 3.51 
B 3.58 4.07 4.60 5.36 5.10 5.78 6.54 7.62 
C 1.16 1.37 1.58 1.79 1.51 1.78 2.05 2.33 
0 3.25 3.34 3.43 3.52 4.62 4.75 4.88 5.01 
14CS3.75x075 A 1.03 1.25 1.46 1.68 1.34 1.62 1.90 2.18 
B 2.33 2.70 3.20 3.78 3.32 3.84 4.56 5.38 
C 0.660 0.799 0.938 1.08 0.858 1.04 1.22 1.40 
0 1.85 1.91 1.97 2.03 2.62 2.71 2.80 2.89 
14CS3.75x060 A 0.491 0.614 0.737 0.860 0.639 0.798 0.958 1.12 
B 1.34 1.61 2.01 2.41 1.91 2.29 2.86 3.43 
C 0.295 0.368 0.442 0.516 0.383 0.479 0.574 0.670 
0 0.812 0.846 0.880 0.914 1.16 1.20 1.25 1.30 
12CS3.75x135 A 5.12 5.78 6.44 7.10 6.65 7.51 8.37 9.22 
B 9.09 9.95 10.8 11.7 12.9 14.1 15.4 16.6 
C 3.59 4.05 4.51 4.98 4.66 5.27 5.87 6.47 
D 10.3 10.5 10.7 10.9 14.6 14.9 15.2 15.4 
Beam Design for use with the 1996 AISI Cold-Fanned Steel Specification II-81 
Table 11- 8 
Web Crippling, Pn, kips 1 nw=1.85 C C-Sections With Lips <I>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
12CS3.75x105 A 2.76 3.20 3.65 4.09 3.59 4.17 4.74 5.31 
B 5.25 5.87 6.49 7.36 7.47 8.35 9.23 10.5 
C 1.90 2.21 2.51 2.81 2.47 2.87 3.26 3.66 
0 5.47 5.60 5.74 5.87 7.78 7.97 8.16 8.35 
12CS3.75x090 A 1.85 2.18 2.52 2.85 2.40 2.84 3.27 3.71 
8 3.72 4.22 4.78 5.56 5.29 6.00 6.79 7.91 
C 1.25 1.48 1.71 1.93 1.63 1.92 2.22 2.51 
0 3.62 3.73 3.83 3.93 5.15 5.30 5.44 5.59 
12CS3.75x075 A 1.11 1.34 1.57 1.80 1.44 1.74 2.04 2.34 
B 2.45 2.83 3.36 3.96 3.48 4.03 4.78 5.64 
C 0.731 0.884 1.04 1.19 0.950 1.15 1.35 1.55 
0 2.15 2.22 2.29 2.36 3.05 3.16 3.26 3.36 
12CS3.75x060 A 0.543 0.678 0.814 0.950 0.705 0.882 1.06 1.23 
B 1.43 1.72 2.15 2.57 2.03 2.45 3.05 3.66 
C 0.342 0.428 0.514 0.599 0.445 0.556 0.668 0.779 
0 1.04 1.08 1.13 1.17 1.48 1.54 1.60 1.67 
12CS1.625x102 A 2.83 3.29 3.75 4.22 3.68 4.28 4.88 5.48 
B 5.10 5.71 6.32 7.23 7.25 8.12 9.00 10.3 
C 1.94 2.26 2.58 2.89 2.52 2.93 3.35 3.76 
0 5.23 5.36 5.49 5.62 7.44 7.62 7.81 7.99 
12CS 1 .625x071 A 1.29 1.57 1.86 2.14 1.68 2.05 2.41 2.78 
B 2.38 2.77 3.34 3.95 3.38 3.94 4.75 5.62 
C 0.842 1.03 1.21 1.40 1.09 1.33 1.57 1.82 
0 1.99 2.06 2.13 2.20 2.83 2.92 3.02 3.12 
11 CS3. 75x135 A 5.20 5.87 6.54 7.21 6.76 7.63 8.50 9.37 
B 9.20 10.1 10.9 11.8 13.1 14.3 15.5 16.8 
C 3.67 4.14 4.61 5.08 4.76 5.38 5.99 6.61 
0 10.6 10.8 11.0 11.2 15.0 15.3 15.6 15.9 
11 CS3. 75x1 05 A 2.82 3.27 3.73 4.18 3.67 4.26 4.84 5.43 
B 5.33 5.96 6.59 7.48 7.59 8.48 9.37 10.6 
C 1.96 2.27 2.58 2.90 2.55 2.95 3.36 3.77 
0 5.69 5.83 5.97 6.11 8.10 8.29 8.49 8.69 
11 CS3. 75x090 A 1.90 2.24 2.58 2.93 2.46 2.91 3.36 3.81 
B 3.79 4.30 4.86 5.67 5.39 6.11 6.92 8.06 
C 1.30 1.53 1.77 2.00 1.69 1.99 2.30 2.61 
0 3.81 3.92 4.02 4.13 5.42 5.57 5.72 5.88 
11 CS3. 75x075 A 1.14 1.38 1.62 1.87 1.49 1.80 2.11 2.42 
B 2.50 2.90 3.44 4.06 3.56 4.12 4.89 5.77 
C 0.766 0.927 1.09 1.25 0.995 1.21 1.41 1.62 
0 2.30 2.38 2.45 2.53 3.27 3.38 3.49 3.60 
II-82 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 8 
Web Crippling, Pn, kips 1 nw=1.85 C C-Sections With Lips <i>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
11 CS3. 75x060 A 0.568 0.710 0.852 0.994 0.739 0.923 1.11 1.29 
B 1.47 1.77 2.21 2.65 2.10 2.52 3.15 3.77 
C 0.366 0.458 0.550 0.641 0.476 0.595 0.714 0.834 
D 1.16 1.20 1.25 1.30 1.64 1.71 1.78 1.85 
10CS3x135 A 5.28 5.96 6.64 7.32 6.86 7.75 8.64 9.52 
B 9.30 10.2 11 .1 11.9 13.2 14.5 15.7 17.0 
C 3.74 4.23 4.71 5.19 4.86 5.49 6.12 6.75 
D 10.9 11.1 11.3 11.5 15.5 15.7 16.0 16.3 
10CS3x105 A 2.88 3.34 3.81 4.27 3.75 4.35 4.95 5.55 
B 5.42 6.05 6.69 7.59 7.70 8.61 9.51 10.8 
C 2.01 2.34 2.66 2.98 2.62 3.04 3.46 3.88 
D 5.92 6.06 6.20 6.35 8.42 8.62 8.82 9.03 
10CS3x090 A 1.94 2.30 2.65 3.01 2.53 2.99 3.45 3.91 
B 3.86 4.38 4.95 5.77 5.49 6.23 7.04 8.20 
C 1.34 1.59 1.83 2.08 1.75 2.06 2.38 2.70 
D 4.00 4.11 4.22 4.33 5.69 5.85 6.01 6.16 
10CS3x075 A 1.18 1.43 1.68 1.93 1.54 1.86 2.18 2.50 
B 2.56 2.96 3.51 4.15 3.64 4.21 5.00 5.90 
C 0.801 0.970 1.14 1.31 1.04 1.26 1.48 1.70 
0 2.45 2.53 2.61 2.70 3.48 3.60 3.72 3.83 
10CS3x060 A 0.594 0.742 0.891 1.04 0.772 0.965 1.16 1.35 
B 1.52 1.83 2.28 2.73 2.16 2.60 3.24 3.88 
C 0.390 0.488 0.586 0.683 0.507 0.634 0.761 0.888 
D 1.27 1.32 1.38 1.43 1.81 1.88 1.96 2.03 
1 OCS 1.625x1 02 A 2.96 3.44 3.93 4.41 3.84 4.47 5.10 5.73 
B 5.26 5.89 6.53 7.46 7.48 8.38 9.28 10.6 
C 2.06 2.40 2.74 3.07 2.68 3.12 3.56 3.99 
0 5.68 5.82 5.96 6.10 8.07 8.28 8.48 8.68 
1 OCS 1 .625x071 A 1.39 1.69 2.00 2.30 1.80 2.20 2.59 2.99 
B 2.50 2.91 3.51 4.15 3.55 4.14 4.99 5.91 
C 0.931 1.14 1.34 1.54 1.21 1.48 1.74 2.01 
D 2.30 2.38 2.46 2.54 3.27 3.39 3.50 3.62 
10CS1.625x057 A 0.865 1.09 1.31 1.54 1.12 1.42 1.71 2.00 
B 1.58 1.93 2.42 2.91 2.25 2.75 3.44 4.14 
C 0.560 0.705 0.851 0.996 0.728 0.917 1.11 1.29 
D 1.25 1.30 1.35 1.41 1.77 1.85 1.93 2.00 
9CS3x135 A 5.36 6.05 6.75 7.44 6.97 7.87 8.77 9.67 
B 9.41 10.3 11.2 12.1 13.4 14.6 15.9 17.2 
C 3.82 4.31 4.80 5.30 4.96 5.61 6.25 6.89 
D 11.2 11.4 11.6 11.8 15.9 16.2 16.5 16.8 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification II-83 
Table 11- 8 
Web Crippling, Pn, kips 1 nw=1.85 C C-Sections With Lips <l>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
9CS3xl05 A 2.94 3.41 3.89 4.36 3.83 4.44 5.05 5.66 
B 5.50 6.14 6.79 7.70 7.82 8.74 9.66 11.0 
C 2.07 2.40 2.73 3.06 2.69 3.12 3.55 3.98 
0 6.14 6.29 6.44 6.59 8.73 8.94 9.15 9.37 
9CS3x090 A 1.99 2.36 2.72 3.08 2.59 3.06 3.53 4.01 
B 3.93 4.46 5.04 5.87 5.58 6.34 7.17 8.35 
C 1.39 1.64 1.89 2.15 1.81 2.13 2.46 2.79 
0 4.18 4.30 4.42 4.54 5.95 6.12 6.29 6.45 
9CS3x075 A 1.22 1.47 1.73 1.99 1.58 1.92 2.25 2.58 
B 2.62 3.03 3.59 4.24 3.72 4.31 5.11 6.03 
C 0.836 1.01 1.19 1.36 1.09 1.32 1.54 1.n 
0 2.60 2.69 2.77 2.86 3.70 3.82 3.95 4.07 
9CS3x060 A 0.619 0.774 0.929 1.08 0.805 1.01 1.21 1.41 
B 1.56 1.88 2.34 2.81 2.22 2.67 3.33 4.00 
C 0.414 0.518 0.621 0.725 0.539 0.673 0.808 0.942 
0 1.39 1.44 1.50 1.56 1.97 2.05 2.13 2.22 
8CS1.625xl02 A 3.09 3.59 4.10 4.60 4.01 4.67 5.33 5.98 
B 5.42 6.07 6.73 7.69 7.71 8.64 9.57 10.9 
C 2.18 2.54 2.89 3.25 2.83 3.30 3.76 4.23 
0 6.12 6.28 6.43 6.58 8.71 8.93 9.14 9.36 
8CS1 .625x071 A 1.48 1.81 2.13 2.46 1.93 2.35 2.77 3.20 
B 2.62 3.05 3.67 4.35 3.72 4.34 5.22 6.19 
C 1.02 1.24 1.47 1.69 1.33 1.62 1.91 2.20 
0 2.62 2.71 2.80 2.89 3.72 3.85 3.98 4.11 
8CS1.625x057 A 0.946 1.19 1.44 1.68 1.23 1.55 1.87 2.19 
B 1.68 2.05 2.57 3.09 2.39 2.92 3.66 4.40 
C 0.636 0.801 0.966 1.13 0.826 1.04 1.26 1.47 
0 1.50 1.57 1.63 1.70 2.13 2.23 2.32 2.41 
8CS1.625x045 A 0.554 0.725 0.895 1.07 0.721 0.942 1.16 1.39 
B 1.02 1.34 1.72 2.11 1.45 1.91 2.45 2.99 
C 0.358 0.468 0.578 0.689 0.465 0.609 0.752 0.895 
0 0.767 0.809 0.851 0.893 1.09 1.15 1.21 1.27 
5.5CS1.625xl02 A 3.25 3.78 4.31 4.84 4.22 4.91 5.60 6.29 
B 5.62 6.30 6.98 7.97 8.00 8.96 9.93 11.3 
C 2.33 2.71 3.09 3.48 3.03 3.53 4.02 4.52 
0 6.68 6.85 7.02 7.18 9.51 9.74 9.98 10.2 
5.5CS1.625x071 A 1.60 1.95 2.31 2.66 2.08 2.54 3.00 3.45 
B 2.77 3.22 3.88 4.60 3.93 4.58 5.52 6.54 
C 1.13 1.38 1.63 1.88 1.47 1.80 2.12 2.44 
0 3.01 3.11 3.22 3.33 4.28 4.43 4.58 4.73 
-
II-84 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 8 
C Web Crippling, Pn, kips 1 Qw=1.85 C-Sections With Lips <l>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
5.5CS1.625x057 A 1.05 1.32 1.59 1.86 1.36 1.72 2.07 2.42 
B 1.80 2.20 2.76 3.32 2.56 3.13 3.93 4.72 
C 0.731 0.921 1.11 1.30 0.950 1.20 1.44 1.69 
D 1.82 1.90 1.98 2.06 2.59 2.70 2.81 2.93 
5.5CS1.625x045 A 0.637 0.833 1.03 1.23 0.829 1.08 1.34 1.59 
B 1.12 1.48 1.90 2.32 1.60 2.10 2.70 3.29 
C 0.436 0.570 0.704 0.838 0.566 0.741 0.915 1.09 
D 1.02 1.07 1.13 1.19 1.45 1.53 1.61 1.69 
5.5CS1.625x035 A 0.345 0.471 0.596 0.721 0.449 0.612 0.775 0.938 
B 0.659 0.944 1.24 1.54 0.937 1.34 1.76 2.18 
C 0.228 0.311 0.395 0.478 0.297 0.405 0.513 0.621 
D 0.512 0.547 0.583 0.618 0.728 0.778 0.829 0.879 
4CS4x135 A 5.78 6.52 7.27 8.01 7.51 8.48 9.44 10.4 
B 9.93 10.9 11.8 12.7 14.1 15.5 16.8 18.1 
C 4.20 4.75 5.29 5.83 5.47 6.17 6.88 7.58 
D 12.6 12.9 13.1 13.4 18.0 18.3 18.7 19.0 
4CS4x105 A 3.25 3.77 4.28 4.80 4.22 4.89 5.57 6.24 
B 5.90 6.59 7.29 8.27 8.39 9.38 10.4 11.8 
C 2.35 2.73 3.11 3.48 3.06 3.55 4.04 4.53 
D 7.26 7.43 7.61 7.78 10.3 10.6 10.8 11.1 
4CS4x090 A 2.24 2.65 3.05 3.46 2.91 3.44 3.97 4.50 
B 4.27 4.85 5.48 6.39 6.07 6.89 7.80 9.08 
C 1.62 1.91 2.21 2.50 2.10 2.49 2.87 3.25 
D 5.12 5.26 5.41 5.55 7.28 7.49 7.69 7.89 
4CS4x075 A 1.41 1.70 2.00 2.30 1.83 2.21 2.60 2.98 
B 2.90 3.35 3.98 4.70 4.12 4.77 5.66 6.68 
C 1.01 1.23 1.44 1.65 1.32 1.59 1.87 2.15 
D 3.35 3.47 3.58 3.69 4.77 4.93 5.09 5.25 
4CS4x060 A 0.748 0.934 1.12 1.31 0.972 1.21 1.46 1.70 
B 1.79 2.15 2.68 3.21 2.54 3.05 3.81 4.56 
C 0.534 0.667 0.801 0.934 0.694 0.868 1.04 1.21 
D 1.96 2.04 2.12 2.20 2.79 2.90 3.02 3.13 
4CS 1 .625x071 A 1.47 1.79 2.11 2.43 1.91 2.33 2.74 3.16 
B 2.73 3.18 3.83 4.54 3.88 4.52 5.45 6.45 
C 1.05 1.28 1.51 1.75 1.37 1.67 1.97 2.27 
D 3.11 3.22 3.33 3.44 4.42 4.58 4.74 4.89 
4CS1.625x057 A 0.846 1.07 1.28 1.50 1.10 1.38 1.67 1.96 
B 1.72 2.10 2.63 3.17 2.44 2.99 3.74 4.50 
C 0.602 0.758 0.915 1.07 0.783 0.986 1.19 1.39 
0 1.85 1.93 2.01 2.09 2.63 2.75 2.86 2.98 
Beam Design for use with the 1996 AISI Cold-Fonned Steel Specification II-85 
Table 11- 8 
Web Crippling, Pn, kips 1 nw=1.85 C C-Sections With Lips <l>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
4CS 1 .625x045 A 0.435 0.568 0.702 0.836 0.565 0.739 0.913 1.09 
B 1.03 1.36 1.74 2.13 1.47 1.93 2.48 3.03 
C 0.306 0.400 0.494 0.588 0.398 0.520 0.642 0.765 
0 1.03 1.09 1.14 1.20 1.46 1.54 1.62 1.70 
4CS 1.625x035 A 0.259 0.353 0.447 0.541 0.337 0.459 0.581 0.704 
B 0.586 0.841 1.10 1.37 0.834 1.20 1.57 1.94 
C 0.179 0.244 0.309 0.375 0.233 0.318 0.402 0.487 
0 0.526 0.563 0.599 0.635 0.748 0.800 0.852 0.904 
3.5CS1.625x071 A 1.70 2.07 2.44 2.82 2.21 2.69 3.18 3.66 
B 2.89 3.36 4.05 4.79 4.10 4.78 5.76 6.82 
C 1.22 1.49 1.76 2.03 1.59 1.94 2.29 2.64 
0 3.32 3.44 3.56 3.67 4.73 4.89 5.06 5.23 
3.5CS1.625x057 A 1.13 1.42 1.72 2.01 1.47 1.85 2.23 2.61 
B 1.90 2.33 2.91 3.50 2.71 3.31 4.15 4.98 
C 0.807 1.02 1.23 1.44 1.05 1.32 1.59 1.87 
0 2.07 2.17 2.26 2.35 2.95 3.08 3.21 3.34 
3.5CS1.625x045 A 0.704 0.920 1.14 1.35 0.915 1.20 1.48 1.76 
B 1.20 1.59 2.04 2.48 1.71 2.26 2.89 3.53 
C 0.498 0.651 0.804 0.957 0.647 0.846 1.05 1.24 
D 1.22 1.29 1.35 1.42 1.74 1.83 1.92 2.02 
3.5CS1.625x035 A 0.395 0.539 0.683 0.826 0.514 0.701 0.888 1.07 
B 0.724 1.04 1.36 1.69 1.03 1.48 1.94 2.40 
C 0.275 0.375 0.476 0.576 0.358 0.488 0.618 0.748 
D 0.665 0.711 0.757 0.803 0.945 1.01 1.08 1.14 
3CS3x135 A 5.86 6.61 7.37 8.12 7.61 8.60 9.58 10.6 
B 10.0 11.0 11.9 12.9 14.3 15.6 17.0 18.3 
C 4.28 4.83 5.39 5.94 5.57 6.28 7.00 7.72 
D 12.9 13.2 13.4 13.7 18.4 18.7 19.1 19.4 
3CS3x105 A 3.31 3.84 4.36 4.89 4.30 4.99 5.67 6.36 
B 5.98 6.68 7.39 8.38 8.51 9.51 10.5 11.9 
C 2.41 2.80 3.18 3.57 3.13 3.63 4.14 4.64 
0 7.48 7.66 7.84 8.02 10.6 10.9 11.2 11.4 
3CS3x090 A 2.29 2.71 3.12 3.54 2.98 3.52 4.06 4.60 
B 4.34 4.92 5.57 6.49 6.17 7.00 7.92 9.23 
C 1.66 1.97 2.27 2.57 2.16 2.56 2.95 3.34 
D 5.31 5.46 5.60 5.75 7.55 7.76 7.97 8.18 
3CS3x075 A 1.44 1.75 2.05 2.36 1.88 2.27 2.67 3.06 
B 2.96 3.42 4.06 4.79 4.20 4.86 5.77 6.81 
C 1.05 1.27 1.49 1.71 1.36 1.65 1.93 2.22 
D 3.50 3.62 3.74 3.86 4.98 5.15 5.32 5.49 
II-86 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table II - 8 
Web Crippling, Pn, kips 1 nw=1.85 C C-Sections With Lips <l>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
3CS3x060 A 0.773 0.966 1.16 1.35 1.01 1.26 1.51 1.76 
B 1.83 2.20 2.74 3.29 2.60 3.13 3.90 4.68 
C 0.558 0.697 0.837 0.976 0.725 0.907 1.09 1.27 
0 2.07 2.16 2.25 2.33 2.95 3.07 3.19 3.32 
3CS 1 .625x071 A 1.72 2.10 2.48 2.86 2.24 2.73 3.22 3.71 
B 2.91 3.40 4.09 4.84 4.15 4.83 5.82 6.89 
C 1.24 1.52 1.79 2.06 1.62 1.97 2.33 2.68 
0 3.40 3.52 3.64 3.76 4.84 5.01 5.18 5.35 
3CS1.625x057 A 1.15 1.45 1.75 2.04 1.49 1.88 2.27 2.66 
B 1.93 2.36 2.95 3.55 2.74 3.35 4.20 5.05 
C 0.826 1.04 1.25 1.47 1.07 1.35 1.63 1.91 
0 2.14 2.23 2.32 2.42 3.04 3.17 3.31 3.44 
3CS 1. 625x045 A 0.720 0.942 1.16 1.39 0.936 1.22 1.51 1.80 
B 1.22 1.61 2.07 2.53 1.74 2.29 2.94 3.59 
C 0.513 0.671 0.829 0.987 0.667 0.872 1.08 1.28 
0 1.27 1.34 1.41 1.48 1.81 1.91 2.00 2.10 
3CS 1 .625x035 A 0.408 0.556 0.704 0.853 0.530 0.723 0.916 1.11 
B 0.740 1.06 1.39 1.73 1.05 1.51 1.98 2.45 
C 0.287 0.391 0.496 0.600 0.373 0.509 0.645 0.780 
0 0.703 0.751 0.800 0.849 1.000 1.07 1.14 1.21 
2.5CS1.625x071 A 1.75 2.13 2.51 2.90 2.27 2.77 3.27 3.76 
B 2.94 3.43 4.13 4.89 4.19 4.88 5.88 6.96 
C 1.27 1.55 1.82 2.10 1.65 2.01 2.37 2.73 
0 3.48 3.60 3.73 3.85 4.95 5.12 5.30 5.47 
2.5CS1.625x057 A 1.17 1.47 1.78 2.08 1.52 1.92 2.31 2.71 
B 1.95 2.39 2.99 3.60 2.78 3.39 4.25 5.11 
C 0.845 1.06 1.28 1.50 1.10 1.38 1.67 1.95 
0 2.20 2.30 2.39 2.49 3.13 3.27 3.41 3.54 
2.5CS 1 .625x045 A 0.737 0.964 1.19 1.42 0.958 1.25 1.55 1.84 
B 1.24 1.64 2.10 2.57 1.77 2.33 2.99 3.65 
C 0.529 0.691 0.854 1.02 0.687 0.899 1.11 1.32 
0 1.32 1.39 1.46 1.54 1.88 1.98 2.08 2.19 
2.5CS1.625x035 A 0.420 0.573 0.726 0.879 0.546 0.745 0.944 1.14 
B 0.757 1.08 1.42 1.76 1.08 1.54 2.03 2.51 
C 0.299 0.407 0.516 0.625 0.388 0.530 0.671 0.812 
D 0.741 0.792 0.844 0.895 1.05 1.13 1.20 1.27 
1.5CS1.625x071 A 1.79 2.19 2.58 2.98 2.33 2.84 3.36 3.87 
B 3.00 3.50 4.21 4.99 4.27 4.98 5.99 7.10 
C 1.31 1.60 1.89 2.18 1.70 2.08 2.45 2.83 
D 3.64 3.77 3.89 4.02 5.17 5.36 5.54 5.72 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11- 8 
Web Crippling, Pn, kips 1 Qw=1.85 C C-Sections With Lips 4>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
1.5CS 1 .625x057 A 1.21 1.52 1.84 2.15 1.57 1.98 2.39 2.80 
B 2.00 2.45 3.07 3.69 2.85 3.48 4.36 5.24 
C 0.883 1.11 1.34 1.57 1.15 1.45 1.74 2.04 
0 2.33 2.43 2.53 2.63 3.31 3.46 3.60 3.75 
1.5CS1.625x045 A 0.770 1.01 1.24 1.48 1.00 1.31 1.62 1.93 
B 1.29 1.69 2.17 2.65 1.83 2.41 3.09 3.77 
C 0.560 0.732 0.904 1.08 0.728 0.951 1.18 1.40 
0 1.42 1.50 1.58 1.65 2.02 2.13 2.24 2.35 
1.5CS1.625x035 A 0.445 0.607 0.769 . 0.931 0.579 0.790 1.00 1.21 
B 0.789 1.13 1.49 1.84 1.12 1.61 2.11 2.62 
C 0.322 0.439 0.557 0.674 0.419 0.571 0.724 0.876 
I 0 0.817 0.874 0.931 0.987 1.16 1.24 1.32 1.40 
Notes: 
1. Web crippling strengths given are nominal strengths and must be modified by factors of 
safety (ASD) or resistance factors (LRFD). 
2. Case A 
End Reaction, Opposing Loads Spaced> 1.Sh 
Calculated from Equation C3A-l 
Case B 
Interior Reaction, Opposing Loads Spaced> 1.Sh 
Calculated from Equation C3A--4 
Case C 
End Reaction, Opposing Loads Spaced ~ 1.Sh 
Calculated from Equation C3 A-6 
Case D 
Interior Reaction, Opposing Loads Spaced ~ 1.Sh 
Calculated from Equation C3A-8 
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Table II - 9 Nested 
Web Crippling, Pn, kips 1 .Qw=1.80 S <l>w = 0.85 Z-Sections With Lips Not Nested .Qw=1.85 <l>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case 2 Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
12lS3.25x135 A3 5.51 6.22 6.93 7.64 7.16 8.09 9.01 9.94 
B 9.35 10.2 11.1 12.0 13.3 14.5 15.8 17.0 
C 3.86 4.36 4.86 5.36 5.02 5.67 6.32 6.97 
0 10.5 10.7 10.9 11.1 15.0 15.3 15.6 15.8 
12lS3.25x105 A3 3.06 3.56 4.05 4.54 3.98 4.62 5.26 5.90 
B 5.45 6.09 6.73 7.63 7.75 8.66 9.57 10.9 
C 2.11 2.44 2.78 3.12 2.74 3.18 3.62 4.06 
0 5.66 5.79 5.93 6.07 8.04 8.24 8.43 8.63 
12lS3.25x090 A3 2.10 2.48 2.87 3.25 2.73 3.23 3.72 4.22 
B 3.89 4.41 4.99 5.81 5.53 6.27 7.09 8.26 
C 1.42 1.68 1.94 2.20 1.85 2.18 2.52 2.86 
0 3.77 3.87 3.98 4.09 5.36 5.51 5.66 5.81 
12ZS3.25x075 A 1.31 1.59 1.87 2.14 1.71 2.07 2.42 2.78 
B 2.58 2.99 3.54 4.18 3.67 4.25 5.04 5.95 
C 0.866 1.05 1.23 1.41 1.13 1.36 1.60 1.84 
0 2.25 2.33 2.40 2.48 3.20 3.31 3.42 3.52 
12ZS3.25x060 A 0.700 0.875 1.05 1.22 0.910 1.14 1.36 1.59 
B 1.53 1.85 2.30 2.76 2.18 2.62 3.27 3.92 
C 0.440 0.551 0.661 0.771 0.573 0.716 0.859 1.00 
0 1.11 1.15 1.20 1.24 1.57 1.64 1.70 1.77 
10ZS3x135 A3 5.69 6.42 7.16 7.89 7.40 8.35 9.30 10.3 
B 9.56 10.5 11.4 12.3 13.6 14.9 16.2 17.4 
C 4.03 4.55 5.07 5.59 5.24 5.91 6.59 7.27 
0 11.1 11.4 11.6 11.8 15.9 16.2 16.5 16.8 
10lS3x105 A3 3.20 3.71 4.22 4.73 4.16 4.82 5.49 6.16 
B 5.62 6.28 6.94 7.87 7.99 8.93 9.87 11.2 
C 2.23 2.59 2.95 3.31 2.90 3.37 3.83 4.30 
0 6.12 6.27 6.41 6.56 8.70 8.91 9.12 9.33 
10lS3x090 A3 2.21 2.62 3.02 3.42 2.88 3.40 3.92 4.45 
B 4.03 4.57 5.17 6.02 5.73 6.50 7.36 8.57 
C 1.53 1.80 2.08 2.36 1.99 2.35 2.71 3.07 
0 4.16 4.28 4.39 4.51 5.92 6.08 6.25 6.41 
10ZS3x075 A3 1.40 1.70 1.99 2.29 1.82 2.21 2.59 2.97 
B 2.70 3.12 3.71 4.38 3.84 4.44 5.27 6.22 
C 0.950 1.15 1.35 1.55 1.23 1.49 1.75 2.01 
0 2.57 2.66 2.74 2.83 3.66 3.78 3.90 4.02 
10lS3x060 A 0.766 0.958 1.15 1.34 0.996 1.25 1.49 1.74 
B 1.63 1.96 2.45 2.93 2.32 2.79 3.48 4.17 
C 0.503 0.628 0.754 0.880 0.653 0.817 0.980 1.14 
D 1.35 1.41 1.47 1.52 1.92 2.00 2.08 2.16 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification II-89 
Table 11- 9 Nested 
Web Crippling, Pn, kips 1 Qw=1.80 I <Pw = 0.85 Z-Sections With Lips Not Nested Qw=1.85 <Pw = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case 2 Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
9ZS3x135 A3 5.78 6.52 7.27 8.02 7.51 8.48 9.45 10.4 
B 9.67 10.6 11.5 12.4 13.8 15.0 16.3 17.6 
C 4.11 4.64 5.17 5.71 5.35 6.04 6.73 7.42 
0 11.5 11.7 11.9 12.1 16.3 16.6 16.9 17.2 
9ZS3x105 A3 3.27 3.79 4.31 4.83 4.25 4.93 5.61 6.28 
B 5.70 6.37 7.04 7.99 8.11 9.06 10.0 11.4 
C 2.30 2.66 3.03 3.40 2.99 3.46 3.94 4.42 
D 6.35 6.50 6.66 6.81 9.03 9.25 9.47 9.69 
9ZS3x090 A3 2.27 2.68 3.10 3.51 2.95 3.49 4.02 4.56 
B 4.10 4.65 5.26 6.13 5.83 6.62 7.49 8.72 
C 1.58 1.87 2.15 2.44 2.05 2.43 2.80 3.17 
D 4.36 4.48 4.60 4.72 6.19 6.37 6.54 6.72 
9ZS3x075 A3 1.45 1.75 2.06 2.36 1.88 2.28 2.67 3.07 
B 2.76 3.19 3.79 4.47 3.93 4.54 5.39 6.36 
C 0.992 1.20 1.41 1.62 1.29 1.56 1.83 2.10 
D 2.73 2.82 2.91 3.01 3.88 4.01 4.14 4.27 
9ZS3x060 A3 0.800 1.000 1.20 1.40 1.04 1.30 1.56 1.82 
B 1.68 2.02 2.52 3.02 2.39 2.87 3.58 4.29 
C 0.534 0.667 0.801 0.934 0.694 0.867 1.04 1.21 
D 1.48 1.54 1.60 1.66 2.10 2.19 2.27 2.36 
8ZS2.5x105 A3 3.33 3.87 4.40 4.93 4.33 5.03 5.72 6.41 
B 5.78 6.46 7.14 8.10 8.23 9.19 . 10.2 11.5 
C 2.36 2.74 3.11 3.49 3.07 3.56 4.05 4.54 
D 6.58 6.74 6.90 7.06 9.36 9.59 9.81 10.0 
8ZS2.5x090 A3 2.33 2.75 3.17 3.59 3.02 3.57 4.12 4.67 
B 4.17 4.73 5.36 6.24 5.93 6.73 7.62 8.87 
C 1.63 1.93 2.23 2.52 2.12 2.51 2.89 3.28 
D 4.55 4.68 4.81 4.93 6.47 6.65 6.84 7.02 
8ZS2.5x075 A3 1.49 1.81 2.12 2.43 1.94 2.35 2.76 3.16 
B 2.82 3.26 3.87 4.57 4.01 4.64 5.51 6.50 
C 1.03 1.25 1.47 1.69 1.34 1.63 1.91 2.19 
0 2.89 2.99 3.08 3.18 4.11 4.25 4.39 4.52 
8ZS2.5x060 A3 0.833 1.04 1.25 1.46 1.08 1.35 1.62 1.89 
B 1.73 2.08 2.59 3.10 2.45 2.95 3.68 4.41 
C 0.565 0.706 0.847 0.988 0.734 0.918 1.10 1.28 
0 1.60 1.67 1.73 1.80 2.28 2.37 2.47 2.56 
8ZS2.5x048 A 0.433 0.561 0.688 0.816 0.563 0.729 0.895 1.06 
B 1.04 1.34 1.71 2.07 1.47 1.90 2.43 2.95 
C 0.285 0.368 0.452 0.536 0.370 0.479 0.588 0.696 
D 0.835 0.878 0.921 0.964 1.19 1.25 1.31 1.37 
- - -
II-90 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 11-9 Nested 
Web Crippling, Pn, kips 1 nw=1.80 S CPw = 0.85 Z-Sections With Lips Not Nested nw=1 .85 CPw = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case 2 Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
8ZS2x105 A3 3.33 3.87 4.40 4.93 4.33 5.03 5.72 6.41 
B 5.78 6.46 7.14 8.10 8.23 9.19 10.2 11.5 
C 2.36 2.74 3.11 3.49 3.07 3.56 4.05 4.54 
0 6.58 6.74 6.90 7.06 9.36 9.59 9.81 10.0 
8ZS2x090 A3 2.33 2.75 3.17 3.59 3.02 3.57 4.12 4.67 
B 4.17 4.73 5.36 6.24 5.93 6.73 7.62 8.87 
C 1.63 1.93 2.23 2.52 2.12 2.5'1 2.89 3.28 
0 4.55 4.68 4.81 4.93 6.47 6.65 6.84 7.02 
8ZS2x075 A3 1.49 1.81 2.12 2.43 1.94 2.35 2.76 3.16 
B 2.82 3.26 3.87 4.57 4.01 4.64 5.51 6.50 
C 1.03 1.25 1.47 1.69 1.34 1.63 1.91 2.19 
0 2.89 2.99 3.08 3.18 4.11 4.25 4.39 4.52 
8ZS2x060 A3 0.833 1.04 1.25 1.46 1.08 1.35 1.62 1.89 
B 1.73 2.08 2.59 3.10 2.45 2.95 3.68 4.41 
C 0.565 0.706 0.847 0.988 0.734 0.918 1.10 1.28 
0 1.60 1.67 1.73 1.80 2.28 2.37 2.47 2.56 
8ZS2x048 A 0.433 0.561 0.688 0.816 0.563 0.729 0.895 1.06 
B 1.04 1.34 1.71 2.07 1.47 1.90 2.43 2.95 
C 0.285 0.368 0.452 0.536 0.370 0.479 0.588 0.696 
0 0.835 0.878 0.921 0.964 1.19 1.25 1.31 1.37 
7ZS2x105 A3 3.40 3.95 4.49 5.03 4.42 5.13 5.84 6.54 
B 5.87 6.56 7.25 8.22 8.34 9.33 10.3 11.7 
C 2.42 2.81 3.20 3.58 3.15 3.65 4.16 4.66 
0 6.81 6.98 7.14 7.31 9.69 9.93 10.2 10.4 
7ZS2x090 A3 2.38 2.82 3.25 3.68 3.10 3.66 4.22 4.79 
B 4.24 4.82 5.45 6.35 6.04 6.85 7.75 9.03 
C 1.68 1.99 2.30 2.60 2.19 2.59 2.99 3.38 
D 4.75 4.88 5.01 5.15 6.75 6.94 7.13 7.32 
7ZS2x075 A3 1.54 1.86 2.18 2.51 2.00 2.42 2.84 3.26 
B 2.88 3.33 3.96 4.67 4.10 4.74 5.63 6.64 
C 1.08 1.30 1.53 1.76 1.40 1.69 1.99 2.28 
0 3.05 3.15 3.25 3.36 4.34 4.48 4.63 4.77 
7ZS2x060 A3 0.866 1.08 1.30 1.52 1.13 1.41 1.69 1.97 
B 1.77 2.13 2.66 3.19 2.52 3.03 3.78 4.53 
C 0.596 0.745 0.894 1.04 0.775 0.968 1.16 1.36 
D 1.72 1.80 1.87 1.94 2.45 2.55 2.66 2.76 
7ZS2x048 A 0.457 0.591 0.725 0.860 0.594 0.768 0.943 1.12 
B 1.07 1.39 1.77 2.15 1.53 1.97 2.51 3.06 
C 0.306 0.397 0.487 0.577 0.398 0.516 0.633 0.750 
D 0.930 0.977 1.03 1.07 1.32 1.39 1.46 1.53 
~-= 
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Table 11- 9 Nested 
Web Crippling, Pn, kips 1 nw=1.80 S <l>w = 0.85 Z-Sections With Lips Not Nested nw=1.85 <l>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case 2 Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
6lS2x105 A3 3.47 4.02 4.58 5.13 4.51 5.23 5.95 6.67 
B 5.95 6.65 7.35 8.34 8.46 9.46 10.5 11.9 
C 2.48 2.88 3.28 3.68 3.23 3.75 4.26 4.78 
D 7.05 7.22 7.39 7.56 10,, 0 10.3 10.5 10.7 
6lS2x090 A3 2.44 2.88 3.33 3.77 3.17 3.75 4.32 4.90 
B 4.32 4.90 5.54 6.45 6.14 6.97 7.88 9.18 
C 1.74 2.05 2.37 2.68 2.26 2.67 3.08 3.49 
D 4.94 5.08 5.22 5.36 7.03 7.23 7.42 7.62 
6lS2x075 A3 1.58 1.91 2.25 2.58 2.06 2.49 2.92 3.36 
B 2.94 3.40 4.04 4.77 4.18 4.84 5.74 6.78 
C 1.12 1.35 1.59 1.82 1.45 1.76 2.06 2.37 
D 3.21 3.32 3.42 3.53 4 .. 56 4.72 4.87 5.02 
6lS2x060 A3 0.899 1.12 1.35 1.57 1.17 1.46 1.75 2.05 
B 1.82 2.19 2.73 3.27 2.59 3.12 3.89 4.66 
C 0.627 0.784 0.940 1.10 0.815 1.02 1.22 1.43 
D 1.85 1.92 2.00 2.08 2.63 2.74 2.85 2.95 
6lS2x048 A 0.480 0.621 0.762 0.904 0.624 0.808 0.991 1.17 
B 1.11 1.44 1.83 2.23 1.58 2.04 2.60 3.16 
C 0.328 0.425 0.522 0.618 0.427 0.552 0.678 0.804 
D 1.02 1.08 1.13 1.18 1.46 1.53 1.61 1.68 
5lS2x090 A3 2.49 2.95 3.40 3.86 3.24 3.83 4.42 5.01 
B 4.39 4.98 5.63 6.56 6.24 7.08 8.01 9.33 
C 1.79 2.12 2.44 2.77 2.33 2.75 3.17 3.60 
D 5.14 5.28 5.43 5.57 7.31 7.51 7.72 7.92 
5lS2x075 A3 1.63 1.97 2.31 2.65 2.11 2.56 3.01 3.45 
B 3.00 3.47 4.12 4.86 4.27 4.94 5.86 6.92 
C 1.16 1.40 1.65 1.89 1:.51 1.82 2.14 2.46 
D 3.37 3.48 3.60 3.71 4.79 4.95 5.11 5.27 
5lS2x060 A3 0.933 1.17 1.40 1.63 1.21 1.52 1.82 2.12 
B 1.87 2.25 2.80 3.36 2.66 3.20 3.99 4.78 
C 0.658 0.822 0.987 1.15 0.855 1.07 1.28 1.50 
D 1.97 2.05 2.13 2.22 2.80 2.92 3.04 3.15 
5lS2x048 A 0.503 0.652 0.800 0.948 0.654 0.847 1.04 1.23 
B 1.15 1.48 1.89 2.30 1.64 2.11 2.69 3.27 
C 0.350 0.453 0.556 0.659 0.455 0.589 0.723 0.857 
0 1.12 1.18 1.23 1.29 1.59 1.67 1.75 1.84 
5lS2x036 A 0.256 0.347 0.439 0.530 0.333 0.451 0.570 0.689 
B 0.598 0.849 1.11 1.38 0.850 1.21 1.58 1.96 
C 0.173 0.235 0.297 0.359 0.225 0.306 0.386 0.467 
0 0.504 0.538 0.572 0.606 0.717 0.765 0.813 0.862 
- -
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Table 11- 9 Nested 
Web Crippling, Pn, kips 1 Qw=1.80 S <l>w = 0.85 Z-Sections With Lips Not Nested Qw=1.85 <l>w = 0.75 
Fy = 33 ksi Fy = 55 ksi 
Section Case 2 Bearing Length, N (in.) Bearing Length, N (in.) 
2 4 6 8 2 4 6 8 
4ZS2x090 A3 2.55 3.01 3.48 3.94 3.32 3.92 4.52 5.12 
B 4.46 5.06 5.73 6.67 6.34 7.20 8.14 9.49 
C 1.84 2.18 2.51 2.85 2.39 2.83 3.27 3.70 
0 5.33 5.48 5.63 5.78 7.59 7.80 8.01 8.23 
4Z82x075 A3 1.67 2.02 2.38 2.73 2.17 2.63 3.09 3.55 
B 3.06 3.54 4.20 4.96 4.35 5.04 5.98 7.05 
C 1.20 1.45 1.71 1.96 1.56 1.89 2.22 2.55 
0 3.53 3.65 3.77 3.88 5.02 5.19 5.36 5.52 
4Z82x060 A3 0.966 1.21 1.45 1.69 1.26 1.57 1.88 2.20 
B 1.92 2.31 2.88 3.45 2.73 3.28 4.09 4.90 
C 0.689 0.861 1.03 1.21 0.896 1.12 1.34 1.57 
0 2.09 2.18 2.27 2.36 2.98 3.10 3.23 3.35 
4ZS2x048 A 0.527 0.682 0.837 0.992 0.685 0.886 1.09 1.29 
B 1.19 1.53 1.95 2.38 1.69 2.18 2.78 3.38 
C 0.372 0.482 0.591 0.700 0.484 0.626 0.768 0.911 
0 1.21 1.28 1.34 1.40 1.73 1.81 1.90 1.99 
4ZS2x036 A 0.273 0.370 0.468 0.565 0.355 0.482 0.608 0.735 
B 0.626 0.888 1.16 1.44 0.890 1.26 1.66 2.05 
C 0.189 0.257 0.324 0.392 0.246 0.334 0.422 0.510 
0 0.569 0.608 0.646 0.684 0.810 0.864 0.919 0.973 
3ZS 1. 75x090 A3 2.61 3.08 3.56 4.03 3.39 4.01 4.62 5.24 
B 4.53 5.14 5.82 6.78 6.45 7.31 8.27 9.64 
C 1.89 2.24 2.58 2.93 2.46 2.91 3.36 3.81 
0 5.53 5.68 5.84 6.00 7.86 8.09 8.31 8.53 
3ZS 1. 75x075 A3 1.72 2.08 2.44 2.80 2.23 2.70 3.17 3.64 
B 3.12 3.61 4.29 5.06 4.44 5.13 6.09 7.19 
C 1.24 1.51 1.77 2.03 1.62 1.96 2.30 2.64 
0 3.69 3.81 3.94 4.06 5.25 5.42 5.60 5.77 
3Z81.75x060 A3 0.999 1.25 1.50 1.75 1.30 1.62 1.95 2.27 
B 1.96 2.36 2.95 3.53 2.79 3.36 4.19 5.02 
C 0.720 0.900 1.08 1.26 0.936 1.17 1.40 1.64 
0 2.22 2.31 2.40 2.49 3.15 3.28 3.42 3.55 
3ZS 1 .7 5x048 A 0.550 0.712 0.874 1.04 0.715 0.926 1.14 1.35 
B 1.23 1.58 2.02 2.45 1.74 2.25 2.87 3.49 
C 0.394 0.510 0.626 0.742 0.512 0.663 0.813 0.964 
0 1.31 1.37 1.44 1.51 1.86 1.95 2.05 2.15 
3ZS 1 .75x036 A 0.290 0.394 0.497 0.601 0.377 0.512 0.646 0.781 
B 0.653 0.928 1.22 1.50 0.929 1.32 1.73 2.14 
C 0.205 0.279 0.352 0.425 0.267 0.362 0.457 0.553 
0 0.634 0.677 0.720 0.763 0.902 0.963 1.02 1.08 
Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Notes: 
1. Web crippling strengths given are nominal strengths and must be modified by factors of 
safety (ASD) or resistance factors (LRFD). 
2. Case A 
End Reaction, Opposing Loads Spaced> 1.5h 
Calculated from Equation C3.4-1 
CaseB 
Interior Reaction, Opposing Loads Spaced> 1.5h 
Calculated from Equation C3.4-4 
CaseC 
End Reaction, Opposing Loads Spaced ~ 1.5h 
Calculated from Equation C3.4-6 
CaseD 
Interior Reaction, Opposing Loads Spaced ~ 1.5h 
Calculated from Equation C3.4-S 
3. For members having their flanges bolted to the supporting structure at the outside 
ends, the values in this row may be multiplied by 1.3 
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11-94 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Example 11-1: Four Span Continuous C-Purlin Design - LRFD 
Dead Load = 15 PLF, Roof Live Load = 90 PLF, Wind Uplift = 115 PLF 
I.f.f.f.flflf.flflflflflflflflflflflflfl 
2.0' _II I. 3.0' 1.0' -III. 1.0' 3.0' -I II- 2.0' 
4~ 9CS3X075 . 9CS3x060 4~ 9CS3x060 ~ 9CS3x075 4~ 
25.0' 25.0' 25.0' 25.0' 
Figure 1 - Geometry and Loading 















Notes: 1) Moments and forces are from unfactored nominal loads 
2) Lap dimensions are shown to connection points of purlins 
Figure 2 - Reactions, Shears and Moments 
5.21 
1. Four span C-purlin system using laps at interior support points to create continuity (see Figures 1 and 2). 
2. Roof covering is attached with through fasteners along entire length of purlins. 
3. Fy = 55 ksi 
4. Roof Slope = 0.25/12 
5. Purlins are hipped back to back over supports but all face in the same direction in a given bay. 
6. Discrete bracing lines are at supports, anchored to the supporting structure at every fifth purlin line. 
Required: 
1. Check the design for gravity loads using the LRFD approach. 
2. Check the design for uplift loads using the LRFD approach. 
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Solution: 
1. Assumptions for Analysis and Application of Specification Provisions 
The AISI Specification does not define the methods of analysis to be used; these judgements are the re-
sponsibility of the designer. The following assumptions are considered good practice but are not intended to 
prohibit other approaches: 
a. The purlins are connected within the lapped portions in a manner that achieves full continuity be-
tween the individual purlin members. 
b. The continuous beam analysis to establish the shear and moment diagrams assumes continuous non-
prismatic members in which Ix within the lapped portions is the sum of the individual members. 
c. The strength within the lapped portions is assumed to be the sum of the strengths of the individual 
sections. 
d. The attachment of the roof covering to the purlin provides continuous lateral and torsional support to 
the top flange. 
e. For gravity loads, the compression (bottom) flange at and near the interior supports is assumed to be 
fully braced between the support and the end of the lap. The negative moment region between the end 
of the lap and the inflection point is treated as a cantilever with an unbraced free end. 
f. Since the loading, geometry and materials are symmetrical, check the first two spans only. 
2. Calculation of Section Properties 
Based on the design procedures illustrated in Examples I-I and 1-8 and Tables 1-1 and II-I of the AISI 
Cold-Formed Steel Design Manual, the following sectional properties can be obtained for the two C-sec-
tions: 
For: 9CS3x060 
t = 0.060 in. 
R = 0.250 in. 
A = 0.917 in.2 
Ix = 11.05 in.4 
Sf = 2.455 in.3 
Se = 1.748 in.3 
Iy = 0.926 in.4 
ry = 1.005 in. 
ro = 4.07 in. 
J = 0.00110 in.4 
Cw = 15.1 in.6 
3. Check Gravity Loads 
For: 9CS3x075 
= 0.075 in. 
r = 0.025 in. 
A = 1.140 in.2 
Ix = 13.67 in.4 
Sf = 3.038 in.3 
Se = 2.496 in.3 
Iy = 1.134 in.4 
ry = 0.997 in. 
ro = 4.05 in. 
J = 0.00214 in.4 
Cw = 18.4 in.6 
a. Strength for Bending Only (Section C3.1) 
Required Strength 
By inspection, load combination 3 from Section A6.1.2 controls: 
Mu = 1.2MD + 1.6MLr 
End Span, from left to right: 
Maximum positive moment: Mu = (1.2)(0.68) + (1.6)(4.07) = 7.33 kip-ft 
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Negative moment at end of right lap: 
Negative moment at support: 
Mu = (1.2)(0.69) + (1.6)(4.11) = 7.40 kip-ft 
Mu = (1.2)(1.12) + (1.6)(6.72) = 12.10 kip-ft 
Interior span, from left to right: 
Negative moment at end of left lap: 
Maximum positive moment: 
Negative moment at end of right lap: 
Negative moment at center support: 
Mu = (1.2)(0.57) + (1.6)(3.41) = 6.14 kip-ft 
Mu = (1.2)(0.30) + (1.6)(1.78) = 3.21 kip-ft 
Mu = (1.2)(0.49) + (1.6)(2.96) = 5.32 kip-ft 
Mu = (1.2)(0.66) + (1.6)(3.93) = 7.08 kip-ft 
Design Strength 
End Span: 
At location of maximum positive moment, the section is assumed to be fully braced: 
Calculate moment capacity based on initiation of. yielding per Section C3.1.1 (a) 
For the exterior purlin, t = 0.075 in. 
Mn = Se Fy = (2.496)(55) = 137.28 kip-in. = 11.44 kip-ft 
<l>bMn = (0.95)(11.44) = 10.87 kip-ft > 7.33 kip-ft OK 
(Eq. C3.1.1-1) 
(Eq. A6.1.1-1) 
In the region of negative moment between the lap and the inflection point, treat the section as an un-
braced cantilever with a free end: 
Determine the moment capacity using the distance from the inflection point to the lap as the unbraced 
length per Section C3.1.2(a) with Cb = 1.0. 
Me = CbroAjOeyOt 
Ly = Lt = 5.96 - 2.00 = 3.96 ft = 47.5 in. 
Cb = 1.0 
crey = n:
2 29500 = 128.3 ksi 
[0.0)(47.5)/0.997]2 
crt =_1_ [GJ + n:2ECW] Ar~ (KtLt)2 
crt 1 [(11300)(0.00214) + n:2(29500)(18.4)] = 128.3 ksi 
1.140(4.05)2 [(1.0)(47.5)]2 
Me = (1.0)(4.05)(1.140)/(128.3)(128.3) = 592.4 kip-in. 
My = Sf Fy = (3.038)(55) = 167.1 kip-in. 
Since Me = 592.4 kip-in. > 2.78 My = 464.5 kip-in., 
Me = My = 167.1 kip-in. 
Se is taken as Se computed at a maximum stress of Fy 
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Alternately, Mn can be taken from Chart II-I b, C-Sections With Lips, Fy = 55 ksi. At an unbraced 
length of 47.5 inches, Mn is approximately 137 kip-in. 
<l>bMn = (0.95)(11.44) = 10.87 kip-ft > 7.40 kip-ft OK (Eq. A6.1.1-l) 
At the negative moment at the support, the section is assumed to be fully braced: 
Use moment capacity based on initiation of yielding per Section C3.1.1 (a), summing the strength of 
the two overlapped purlins: 
For the interior purlin, t = 0.60 in. 
Mn = Se Fy = (1.748)(55) = 96.14 kip-in. or 8.01 kip-ft 
Combined strength of purlins 




In the region of negative moment between the left lap and the inflection point, treat the section as an 
unbraced cantilever with a free end: 
Detennine the flexuarl strength using the distance from the inflection point to the lap as the un braced 
length per Section C3.1.2(a) with Cb = 1.0. 
Ly = Lt = 7.45 - 3.00 = 4.45 ft or 53.4 in. 
Cb = 1.0 
= rc
2 29500 = 103.1 ksi 
[(1.0)(53.4)/1.005]2 
1 [(11300)(0.00110) + rc2(29500)(15 .1)] = 102.3 ksi 
0.917(4.07)2 [(1.0)(53.4)]2 
Me = (1.0)(4.07)(0.917)/(103.1)(102.3) = 383.3 kip-in. 
My = (2.455)(55) = 135.0 kip-in. 
Since Me = 383.3 kip-in. > 2.78 My = 375.4 kip-in., 
Me = My = 135.0 kip-in. 





Mn = S c ~: = 1.748 ~~15~ = 96.12 kip-in or 8.01 kip-ft (£q. C3 .1.2-1 ) 
Alternately, Mn can be taken from Chart II-I b, C-Sections With Lips, Fy = 55 ksi. At an unbraced 
length of 53.4 inches, Mn is approximately 96.1 kip-in. 
<l>bMn = (0.95)(8.01) = 7.61 kip-ft> 6.14 kip-ft OK (Eq. A6.1.1-l) 
At location of maximum positive moment, the section is assumed to be fully braced: 
Use moment capacity based on initiation of yielding per Section C3.I.t (a) calculated above. 
<I>~n = (0.95)(8.01) = 7.61 kip-ft> 3.21 kip-ft OK (Eq. A6.1.I-l) 
In the region of negative moment between the right lap and the inflection point, treat the section as an 
unbraced cantilever with a free end: 
Determine the moment capacity using the distance from the inflection point to the lap as the unbraced 
length per Section C3.1.2(a) with Cb = 1.0. 
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L = 4.98 - 1.00 = 3.98 ft or 47.8 in. 
By inspection, this condition is less severe than the left lap, since the unbraced length is shorter and 
the required strength is less, therefore the section is 0 K. 
At the negative moment at the center support, the section is assumed to be fully braced: 
Use moment capacity based on initiation of yielding per Section C3.I.t (a), summing the strength of 
the two overlapped purlins: 
Combined strength of purl ins 
<1>bMn = (0.95)(8.01 + 8.01) = 15.22 kip-ft > 7.08 kip-ft OK (Eq. A6.1.1-1) 
h. Strength for Shear Only (Section C3.2) 
Required Strength 
By inspection, load combination 3 from Section A6.1.2 controls: 
Vu = 1.2VD + 1.6VLr 
End Span, from left to right: 
At left support: 
At end of right lap: 
At left side of first interior support: 
Interior Span, from left to right: 
At right side of first interior support: 
At end of left lap: 
At end of right lap: 
At center support: 
Design Strength 
End Span: 
Vu = (1.2)(0.14) + 0.6)(0.86) = 1.54 kips 
Vu = (1.2)(0.20) + (1.6)(1.21) = 2.18 kips 
Vu = (1.2)(0.23) + (1.6)(1.39) = 2.50 kips 
Vu = (1 .2)(0.21) + (1.6)(1.24) = 2.24 kips 
Vu = 0.2)(0.16) + (1.6)(0.97) = 1. 74 kips 
Vu = (1.2)(0.15) + (1.6)(0.92) = 1.65 kips 
Vu = (1.2)(0.17) + (1.6)(1.01) = 1.82 kips 
At the left support and right lap, t=0.075 in. By inspection the right lap controls. 
For t = 0.075 in. and h = 8.350 in., hIt = 111.3 
¥ > 1.415 jE kv/Fy = 1.415 j29500 x 5.34/55 = 75.7 
n;2E k t3 V - v 
n - 12(1-~2)h 
V = n;2(29500)(5.34)(0.075)3 = 7.19 ki s 
n 12( 1-0.32)8.350 P 
(Eq. C3.2-3) 
Alternately, V n can be taken from Table II-I, Beam Properties, C-Sections With Lips, Fy = 55 ksi. 
For a 9CS3x075, V n is 7.19 kips. 
<1> v V n = (0.90)(7.19) = 6.47 kip> 2.18 kips OK (Eq. A6.1.1-l) 
At the first interior support, sum the strength of the two overlapped purlins: 
For t = 0.060 in. and h = 8.380 in., hIt = 139.7 
V = n;2(29500)(5.34)(O.060)3 = 3.67 ki s 
n 12{l-O.32)8.380 P (Eq. C3.2-3) 
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Alternately, V n can be taken from Table II-I, Beam Properties, C-Sections With Lips, Fy = 55 ksi. 
For a 9CS3x060, V n is 3.67 kips. 
For the combined section: 
<1> v V n = (0.90)(7.19 + 3.67) = 9.77 kips> 2.50 kips OK 
Interior span: 
At the first interior support, use the capacity computed above: 
<1>vVn = 9.77 kip> 2.24 kips OK 
By inspection of the left and right laps, the left lap controls 
<1> v V n = (0.90)(3.67) = 3.30 kips> 1.74 kips OK 
At the center support, sum the strength of the two overlapped purlins: 
For the combined section: 
<t>vVn = (0.90)(3.67 + 3.67) = 6.61 kips> 1.82 kips OK 
c. Strength for Combined Bending and Shear (Section C3.3) 
End Span: 
( Mu )2 + (~)2 < 1 0 <t>bMnxo <t>v V n - . 
where 
Mnxo = Mn calculated based on the initiation of yielding per Section C3.] .] 
At start of lap, t = 0.075 in. 
2 2 
((0. 9~·(i~.44) ) + ((0.9~)~~ .19») = 0.58 <1.0 OK 
At first interior support, 
2 2 
( 12.10 ) + ( 2.50 ) = 0 49 < lOOK (0.95)(11.44 + 8.01) (0.90)(7.19 + 3.67) . . 
Interior Span: 
At end of laps, t = 0.060 in. Left lap controls by inspection. 
2 2 ((0.9~i~:.0J)) + CO.9bii~.67») = 0.93 < 1.0 OK 
At center support, 
2 2 
( 7.08 ) + ( 1.82 ) = 0.29 < 1.0 OK (0.95)(8.01 + 8.01) (0.90)(3.67 + 3.67) 
d. Web Crippling Strength (Section C3.4) 
Required Strength 
By inspection, load combination 3 from Section A6.1.2 controls: 







(Eq. C3.3.2-1 ) 
(Eq. C3.3.2-]) 
CEq. C3.3.2-1) 
11-100 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Supports, from left to right: 
At left support: 
At first interior support: 
At center support: 
Pu = (1.2)(0.14) + (1.6)(0.86) = 1.54 kips 
Pu = (1.2)(0.44) + (1.6)(2.63) = 4.74 kips 
Pu = (1.2)(0.34) + (1.6)(2.03) = 3.66 kips 
Design Strength 
The following assumes a bearing length of 5 inches. 
At outside supports use Eq. C3.4-1 of the AISI Specification. 
Po =t2kC3C4C9Ce[331 - 0.61¥][ 1 + 0.01 ~] 
where 
k = 894 FylE 
= (894)(55)/29500 = 1.67 
C3 = 1.33 - 0.33k 
= 1.33 - (0.33)(1.67) = 0.78 
C4 = 1.15 - O.l5R1t 
= 1.15 - (0.15)(0.2500) 10.075 = 0.65 
C9 = 1.0 (U.S. customary units) 
Ce = 0.7 + 0.3(9/90)2 
= 0.7 + 0.3(90/90)2 = 1.0 
Po = 0.075 2( 1.67)(0.78 )(0.65)( 1.0)( 1.0)[ 331 - 0.61 ~:~~~] [I + O.oJ O~O~5] 







Alternately, Po can be taken from Table 11-8, Web Crippling, C-Sections With Lips. Using Case A, 
for a 9CS3x075 with a yield stress of 55 ksi Po can be interpolated as 0.5(1.92 + 2.25) = 2.04 kips. 
<l>wPn= (0.75)(2.09) = 1.57 kips> 1.54 kips OK (Eq. A6.1.1-l) 
At interior supports use Eq. C3.4-4 of the AISI Specification. 
Po =t2kCtC2C9Ce[538 - 0.74¥][ 0.75 + 0.011 ~] 
where 
C 1 = 1.22 - 0.22k 
= 1.22 - (0.22)( 1.67) = 0.85 
For t = 0.075 in., 
C2 = 1.06 - 0.06R1t ~ 1.0 
= 1.06 - (0.06)(0.250) 10.075 = 0.86 
P n = 0.07 52( 1.67)(0.85)(0.86)( 1.0)( 1.0)[ 538-0.74 ~:~~~][ 0.75 + 0.0 II 0~O~5] 





Alternately, Po can be taken from Table II-S, Web Crippling, C-Sections With Lips. Using Case B, 
for a 9CS3x075 with a yield stress of 55 ksi Pn can be interpolated as 0.5(4.31 + 5.11) = 4.71 kips. 
For t = 0.060 in., 
C2 = 1.06 - O.06R1t S 1.0 (Eq. C3.4-11) 
= 1.06 - (0.06)(0.250) I 0.060 = O.SI 
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Pn = 0.0602(1.67)(0.85)(0.81)(1.0)(1.0)[ 538-0.74 ~:~~g][ 0.75 + 0.011 0~6~0] 
= 3.00 kips 
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CEq. C3.4-4) 
Alternately, Pn can be taken from Table 11-8, Web Crippling, C-Sections With Lips. Using Case B, 
for a 9CS3x060 with a yield stress of 55 ksi Pn can be interpolated as 0.5(2.67 + 3.33) = 3.00 kips. 
At first interior support, 
<l>wPn= (0.75)(4.64 + 3.00) = 5.73 kips> 4.74 kips OK 
At center support, 
<l>wPn= (0.75)(3.00 + 3.00) = 4.50 kips> 3.66 kips OK 
e. Combined Bending and Web Crippling (Section C3.5) 
1.07 ",Pp + <I> ~u s 1.42 





Mnxo = the sum of Mn of each purlin at the support calculated based on the ini tiation of yielding per 
Section C3.1.1 
P n = the sum of P n of each purlin at the support 
At the first interior support, 
1.07 (0.75)(4:~4+ 3.00) + (0.95)(1 \~~O + 8.01) = 1.54 > 1.42 NG CEq. C3.5.2-I) 
This indicates the design is NOT SATISFACTORY for the given gravity loads. A bearing stiffener 
could be added to correct this deficiency or a different section selected. 
At the center support, 
1 07 3.66 + 7.08 = 1.34 < 1.42 OK 
. (0.75)(3.00 + 3.00) (0.95)(8.01 + 8.01) 
4. Check Uplift Loads 
a. Strength for Bending Only (Section C3.1.3) 
Required Strength 
By inspection, load combination 6 from Section A6.1.2 controls. 
Mu = 0.9Mo - I.3Mw 
End Span: 
(Eq. C3.5.2-1) 
Moment near center of span: Mu = (0.9)(0.68) - (1.3)(5.21) = -6.16 kip-ft 
Interior Span: 
Moment near center of span: 
Design Strength 
Mn =RSeFy 
Mu = (0.9)(0.30) - (1.3)(2.27) = -2.68 kip-ft 
(Eq. C3.1.3-l) 
R =0.60, assuming all 14 conditions of Section C3.1.3 are satisfied 
End Span: 
For t = 0.075 in. . 
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Mn = (0.60)(2.496)(55) = 82.37 kip-in. or 6.86 kip-ft 
<PbMn = (0.90)(6.86) = 6.17 kip-ft > 6.16 kip-ft OK 
Interior Span: 
For t = 0.060 in. 
Mn = (0.60)(1.748)(55) = 57.68 kip-in. or 4.81 kip-ft 
<PbMn = (0.90)(4.81) = 4.33 kip-ft > 2.68 kip-ft OK 





All other regions of the system have their compression flange braced by the roof panel. Since the magni-
tude of the shears, moments and reactions are significantly less than those of the gravity case, it can be 
concluded that the design satisfies the Specification criteria for uplift. 
S. Compute Anchorage Forces 
Compute the anchorage forces at the supports (Section 03.2.1) with one bracing line supporting five 
purlin lines, 
Case (a) C-Sections 
PLu= 0.05W 
Gravity Case 
W = n(L)(1.2D + 1.6Lr) = (5)(25)[(1.2)(15) + (1.6)(90)] = 20,250 lbs 
At interior frames: 
PLu =(0.05)(20250) = 1013 lbs 
At end frames: 
PLu = 1013/2 = 507 lbs 
Wind U pliCt Case 
Assume bottom flange is laterally supported at each frame 
W = n(L)(O.9D - l.3W) = (1 )(25)[(0.9)( 15) - (1.3)( 115)] = 4075 lbs 
At interior frames: 
PLu =(0.05)(4075) = 204lbs 
At end frames: 
PLu =204/2 = 102lbs 
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Dead Load = 15 PLF, Roof Live Load = 100 PLF, Wind Uplift = 115 PLF I.,.,.,.,.,.,.,.t.,.,.,.,.f.,.f.tl,.t.tl 
2.0' _II I" 3.0' 1.0'+1.0' 3.0' -I II .. 2.0' 
8ZS2.5x075 j 8ZS2.5x060 j 8ZS2.5x060 8ZS2.5X075 
25.0' 25 .0' 25.0' 25.0' 
-.... 













Notes: 1) Moments and forces are from unfactored nominal loads 
2) Lap dimensions are shown to connection points of purlins 










1. Four span Z-purlin system using laps at interior support points to create continuity (see Figures 1 and 2). 
2. Roof covering is attached with through fasteners along entire length of purlins. 
3. Fy = 55 ksi 
4. Roof Slope = 0.5/12; all purlins face uphill 
5. No discrete bracing lines: anti-roll clips at each support at every fourth purlin line 
6. Bottom flanges are bolted to a 0.25 in. thick supporting member with a bearing length of 5 in. 
Required: 
1. Check the design for gravity loads using the ASD approach. 
2. Check the design for uplift loads using the ASD approach. 
3. Compute the anchorage forces at the supports. 
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Solution: 
1. Assumptions for Analysis and Application of Specification Provisions 
The AISI Specification does not define the methods of analysis to be used; these judgements are the re-
sponsibility of the designer. The following assumptions are considered good practice but are not intended to 
prohibit other approaches: 
a. The purlins are connected within the lapped portions in a manner that achieves full continuity be-
tween the individual purlin members. 
b. The continuous beam analysis to establish the shear and moment diagrams assumes continuous non-
prismatic members in which Ix within the lapped portions is the sum of the individual members. 
c. The strength within the lapped portions is assumed to be the sum of the strengths of the individual 
sections. 
d. The attachment of the roof covering to the purlin provides continuous lateral and torsional support to 
the top flange. 
e. For gravity loads, the compression (bottom) flange at and near the interior supports is assumed to be 
fully braced between the support and the end of the lap. The negative moment region between the end 
of the lap and the inflection point is treated as a cantilever with an unbraced free end. 
f. Since the loading, geometry and materials are symmetrical, check the first two spans only. 
2. Calculation of Section Properties 
Based on the design procedures illustrated in Examples 1-3 and 1-10 and Table 1-3 and II -3 of the Design 
Manual, the following section properties can be obtained for the two Z-sections: 
For: 8ZS2.5x060 
t = 0.060 in. 
R = 0.1875 in. 
Ix = 8.146 in.4 
Sf = 2.037 in.3 
Se = 1.708 in.3 
Iy = 1.225 in.4 
3. Check Gravity Loads 
a. Strength for Bending Only (Section C3.1) 
Required Strength 
For: 8ZS2.5x075 
t = 0.075 in. 
R = 0.1875 in. 
Ix = 10.10 in.4 
Sf = 2.524 in.3 
Se = 2.195 in.3 
Iy = 1.510 in.4 
By inspection, load combination 2 from Section AS.I.2 controls: 
M=Mo+MLr 
End Span, from left to right: 
Maximum positive moment: 
Negative moment at end of right lap: 
Negative moment at support: 
Interior span, from left to right: 
Negative moment at end of left lap: 
Maximum positive moment: 
M = 0.68 + 4.53 = 5.21 kip-ft 
M = 0.69 + 4.57 = 5.26 kip-ft 
M= 1.12 + 7.46 = 8.58 kip-ft 
M = 0.57 + 3.79 = 4.36 kip-ft 
M = 0.30 + 1.98 = 2.28 kip-ft 
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Negative moment at end of right lap: 
Negative moment at center support: 
Allowable Design Strength 
End Span: 
M = 0.49 + 3.29 = 3.78 kip-ft 
M = 0.66 + 4.37 = 5.03 kip-ft 
At location of maximum positive moment, the section is assumed to be fully braced: 
Use moment capacity based on initiation of yielding per Section C3.1 .1 (a) 
For the exterior purlin, t = 0.075 in. 
Mn = Se Fy = (2.195)(55) = 120.73 kip-in. = 10.06 kip-ft 




In the region of negative moment between the lap and the inflection point, treat the section as an un-
braced cantilever with a free end: 
Determine the moment capacity using the distance from the inflection point to the lap as the unbraced 
length per Section C3.1.2(b) with Cb = 1.0. 
n2ECbdlyc 
Me = 2L2 
L = 5.96 - 2.00 = 3.96 ft = 47.5 in. 
I - Iy - 1.510 - 0 755 I'n 4 ye - 2 - 2 -. . 
Cb = 1.0 
M - n
2(295OO)(1 .0)(8.0)(0.755) - 389 7 k' . 
e - 2 -. Ip-m. 
(2)(47.5) 
My = Sf Fy = (2.524)(55) = 138.8 kip-in. 
Since Me = 389.7 kip-in. > 2.78 My = 385.9 kip-in., 
Me = My = 138.8 kip-in . 
Se is taken as Se computed at a maximum stress of Fy. 
CEq. C3.1.2-16) 
(Eq. C3.1.2-16) 
(Eq. C3 .] .2-2) 
Mn = Sc ~; = 2.195 ~~58i~ = 120.7 kip-in. or 10.06 kip-ft (Eq. C3 .1.2-1) 
Alternately, Mn can be taken from Chart II-2b, Z-Sections With Lips, Fy = 55 ksi. At an unbraced 
length of 47.5 inches, Mn is approximately 119 kip-in. 
~: = I?~ =6.02 kip-ft > 5.26 kip-ft OK (Eq. A5.1.I-i) 
At the negative moment at the support, the section is assumed to be fully braced: 
Use moment capacity based on initiation of yie1ding per Section C3.I . t (a). summing the strength of 
the two overlapped purlins: 
For the interior purlin, t = 0.060 in. 
Mn = Se Fy = 0.708)(55) = 93.94 kip-in . or 7.83 kip-ft (Eq. C3.1.1-1) 
Combined strength of purlins 
Mn = 10.06 + 7.83 = 10.71 kip-ft> 8.58 kip-ft OK 
fJb 1.67 
(Eq. A5.1.1-l) 
11-106 Beam Design for use with the 1996 AISI Cold-Formed Steel Specification 
Interior Span: 
In the region of negative moment between the left lap and the inflection point, treat the section as an 
unbraced cantilever with a free end: 
Detennine the moment capacity using the distance from the inflection point to the lap as the unbraced 
length per Section C3.1.2(b) with Cb = 1.0. 
L = 7.45 - 3.00 = 4.45 ft or 53.4 in. 
lye = i = 1.~25 = 0.613 in.4 
M - 3t
2(29500)( 1.0)(8.0)(0.613) - 2504 k' -' 
e - 2 -. Ip In. 
(2)(53.4) 
(Eq. C3.1.2-16) 
My = (2.037)(55) = 112.0 kip-in. 
Since Me = 250.4 kip-in. < 2.78 My = 311.5 kip-in. and Me > 0.56My = 62.7 kip-in., 
10 ( 10My) 10 ((10)(112.0») . . Me = gMy I - 36M
e 
= 9(112.0) 1 - (36)(250.4) = 109.0 kIp-tn. (Eq. C3.1.2-3) 
Compute Se, section modulus at a maximum stress of Me ISf = 109.0 I 2.037 = 53.51 ksi 
By calculations similar to those shown in Examples 1-3 and I-10, Se = 1.731 in.3 
Mn = Se ~; = 1.731 i~cij~ = 92.63 kip-in. or 7.72 kip-ft (Eq. C3.1.2-l) 
Alternately, Mn can be taken from Chart II-2b, Z-Sections With Lips, Fy = 55 ksi. At an unbraced 
length of 53.4 inches, Mn is approximately 93 kip-in. 
~: = i:~~ = 4.62 kip-ft > 4.36 kip-ft OK (Eq. A5.1.1-l) 
At location of maximum positive moment, the section is assumed to be fully braced: 
Use moment capacity based on initiation of yielding per Section C3.1.1 (a) calculated above. 
~: = i:~~ = 4.69 kip-ft > 2.28 kip-ft OK (Eq. A5.1.1-l) 
In the region of negative moment between the right lap and the inflection point, treat the section as an 
unbraced cantilever with a free end: 
Detennine the moment capacity using the distance from the inflection point to the lap as the unbraced 
length per Section C3.l.2(b) with Cb = 1.0. 
L = 4.98 - 1.00 = 3.98 ft or 47.8 in. 
By inspection, this condition is less severe than the left lap, since the unbraced length is shorter and 
the required strength is less, therefore the section is OK 
At the negative moment at the center support, the section is assumed to be fully braced: 
Use moment capacity based on initiation of yielding per Section C3.1.1 (a), summing the strength of· 
the two overlapped purlins: 
Combined strength of purlins 
~: = 7.831 ~77.83 = 9.38 kip-ft > 5.03 kip-ft OK 
b. Strength for Shear Only (Section C3.2) 
(Eq. A5.1.1-l) 
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Required Strength 
By inspection, load combination 2 from Section A5.1.2 controls: 
V =VD+ VLr 
End Span, from left to right: 
At left support: 
At end of right lap: 
At left side of first interior support: 
Interior Span, from left to right: 
At right side of first interior support: 
At end of left lap: 
At end of right lap: 
At center support: 
Allowable Design Strength 
End Span: 
v = 0.14 + 0.95 = 1.09 kips 
V = 0.20 + 1.35 = 1.55 kips 
V = 0.23 + 1.55 = 1.78 kips 
v = 0.21 + 1.37 = 1.58 kips 
V = 0.16 + 1.07 = 1.23 kips 
V = 0.15 + 1.03 = 1.18 kips 
V = 0.17 + 1.13 = 1.30 kips 
At the left support and right lap, t=O.075 in. By inspection the right lap controls. 
For t = 0.075 in. and h = 7.475 in., hIt = 99.7 
¥ > 1.415 jE kv/Fy = 1.415 j(295OO)(5.34)/55 = 75.7 
n;2E k t3 V - v 
0- 12(1 - 112)h 
V = n2(29500)(5.34)(0.075)3 = 8.04 ki s 
o 12(1 _ 0.3 2)7.475 P 
11-107 
(Eq. C3.2-3) 
Alternately, V 0 can be taken from Table 11-3, Beam Properties, Z-Sections With Lips, Fy = 55 ksi. 
For ,a 8CS2.5x075, V n is 8.04 kips. 
~: = t~ = 4.8lkips > 1.55 kips OK (Eq. AS.l.I-J) 
At the first interior support, sum the strength of the two overlapped purlins: 
For t = 0.060 in. and h = 7.505 in., hIt = 125.1 
V = n2(29500)(5.34)(0.060)3 = 4.10 ki s 
o 12( 1 - 0.32)7.505 P 
(Eq. C3.2-3) 
Alternately, V 0 can be taken from Table 11-3, Beam Properties, Z-Sections With Lips, Fy = 55 ksi. 
For a 8CS2.5x060, V n is 4.10 kips. 
For the combined section: 
Vo = 4.10 + 8.04 = 7 27 kips> 1 78 kips OK Q
v 
1.67 . . (Eq. A5.1.1-l) 
Interior span: 
At first interior support, use capacity computed above: 
~: = 7.27 kips> 1.58 kips OK (Eq. A5.1.1-l) 
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By inspection of the left and right laps, the left lap controls 
~: = i:!~ = 2.45 kips> 1.23 kips OK 
At the center support, sum the strength of the two overlapped purlins: 
For the combined section: 
~: = 4.101~74.10 = 4.91 kips> 1.30 kips OK 
c. Strength for Combined Bending and Shear (Section C3.3) 
End Span: 
(QbM)2 + (QvV)2 S 1.0 Mnxo Vn 
where 
Mnxo = Mn, calculated based on the initiation of yielding per Section C3.1.1 
At start of lap, t = 0.075 in. 
2 2 «1.~7l~626») + (1.6~~~.55») = 0.87 < 1.0 OK 
At first interior support, 
2 2 
( (1.67)(8.58») + ((1.67)(1.78») _ 0 70 lOOK 10.06 + 7.83 8.04 + 4.10 -. <. 
Interior Span: 
At end of laps, t = 0.060 in. Left lap controls by inspection. 
2 2 







This indicates that the design is NOT SATISFACTORY for the given gravity loads. The lap could be 
extended further into the interior span to a location with less shear and moment, or a different section 
could be used for the interior span. 
At center support, 
2 2 
( 1.67)(5.03») (1.67)(1.30)) _ 0 36 1 0 OK 7.83 + 7.83 + 4.10 + 4.10 -. <. 
d. Web Crippling Strength (Section C3.4) 
Required Strength 
By inspection, load combination 2 from Section A5.1.2 controls: 
P = Po + PLr 
Supports, from left to right: 
At left support: 
At first interior support: 
P = 0.14 + 0.95 = 1.09 kips 
P = 0.44 + 2.92 = 3.36 kips 
(Eq. C3.3.1-I) 
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At center support: P = 0.34 + 2.25 = 2.59 kips 
Allowable Design Strength 
The following assumes a bearing length of 5 inches. 
At outside support use Eq. C3.4-1 of the AISI Specification. 
Pn = t2kC3C4C9Ce[ 331 - 0.61 ~][ 1 + 0.01 ~] 
where 
N = bearing length = 5 in. 
k = 894 FylE 
= (894)(55)/29500) = 1.67 
C3 = 1.33 - 0.33k 
= 1.33 - (0.33)( 1.67) = 0.78 
C4 = 1.15 - O.15R1t 
= 1.15 - (0.15)(0.1875) I 0.075 = 0.78 
C9 = 1.0 (U.S. Customary units) 
C9 = 0.7 + 0.3(9/90)2 
= 0.7 + 0.3(90/90)2 = 1.0 
Pn = 0.0752(1.67)(0.78)(0.78)(1.0)(1.0)[ 331 - 0.61 b:6~~][ 1 + 0.01 0~6~5] 








Alternately, Pn can be taken from Table 11-9, Web Crippling, Z-Sections With Lips. Using Case A, 
for a 8ZS2.5x075 with a yield stress of 55 ksi Pn can be interpolated as 0.5(2.35 + 2.76) = 2.56 kips. 
Check provisions ofC3.4 allowing a 30% increase in Pn for certain end conditions ofZ-Section purlins 
Bottom flange is bolted to support OK 
hit = 7.475 /0.075 = 99.7 < 150 OK 
RJt = 0.1875 10.075 = 2.5 < 4 OK 
= 0.075 in. > 0.060 in. OK 
tsupport = 0.25 in. > 3/16 in. OK 
Therefore, 
Pn = (1.3)(2.57) = 3.34 kips 
~: = U1 = 1.81 kips> 1.09 kips OK 
At interior supports use Eq. C3.4-4 of the AISI Specification. 
Since NIt = 66.7 > 60, use modified factor in Eq. C3.4-4 
Pn =t2kC,C2C9Ca[538 - 0.74¥][0.75 + 0.011 ~] 
where 
C 1 = 1.22 - 0.22k 
= 1.22 - (0.22)( 1.67) = 0.85 
For t = 0.075 in., 
C2 = 1.06 - O.06R1t ~ 1.0 
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Pn = 0.0752(1.67)(0.85)(0.91)(1.0)(1.0)[ 538-0.74 6:6~~][ 0.75 + 0.011 O~6~5] 
= 5.00 kips 
(Eq. C3.4-4) 
Alternately, Pn can be taken from Table 11-9, Web Crippling, Z-Sections With Lips. Using Case B, 
. for a 8ZS2.5x075 with a yield stress of 55 ksi Pn can be interpolated as 0.5(4.54 + 5.39) = 4.97 kips. 
For t = 0.060 in., 
C2 = 1.06 - 0.06RJt ~ 1.0 
= 1.06 - (0.06)(0.1875) /0.060 = 0.87 < 1.0 OK 
Pn = 0.0602(1.67)(0.85)(0.87)(1.0)(1.0)[ 538-0.74 6:ggg][ 0.75 + 0.011 o~ogo] 
= 3.30 kips 
(Eq. C3.4-11) 
(Eq. C3.4-4) 
Alternately, Pn can be taken from Table JI-9, Web Crippling, Z-Sections With Lips. Using Case B, 
for a 8ZS2.5x060 with a yield stress of 55 ksi Pn can be interpolated as 0.5(2.95 + 3.68) = 3.32 kips. 
At first interior support, 
~: = 5.00\~l30 = 4.6\ kips> 3.36 kips OK 
At center support, 
~: = 3.30\ ~~.30 = 3.67 kips> 2.59 kips OK 
e. Combined Bending and Web Crippling (Section C3.5) 
...M.. + .f.. < 1.67 
Moo Po - Q 
where 
(Eq. A5.1.1-l) 
(Eq. A5. 1.1-1) 
(Eq. C3.5.1-3) 
Mno = the sum of Mn of each purlin at the support calculated based on the initiation of yielding per 
Section C3.1.1 
P n = the sum of P n of each purlin at the support 
n = 1.67 
At the first interior support, 
8.58 + 3.36 - 088 < 1.67 OK 
10.06 + 7.83 5.00 + 3.30 -. 1.67 
At the center support, 
7.835~37.83 + 3.302193.30 = 0.71 < 1.0 OK 
4. Check Uplift Loads 




By inspection, load combination 3 from Section A5.I.2 controls. Per Section A5.I.3, the resulting forces 
may be multiplied by 0.75: 
M = 0.75(MD + Mw) 
End Span: 
Moment near center of span: M = 0.75(0.68 - 5.21) = -3.40 kip-ft 
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Interior Span: 
Moment near center of span: 
Allowable Design Strength 
Mn =R SeFy 
M = 0.75(0.30 - 2.27) = -1.48 kip-ft 
R =0.70, assuming all 14 conditions of Section C3.I.3 are satisfied 
End Span: 
For t = 0.075 in. 
Mn = (0.70)(2.195)(55) = 84.51 kip-in. or 7.04 kip--ft 
~: = i:~i = 4.22 kip-ft > 3.40 kip-ft OK 
Interior Span: 
For t = 0.060 in. 
Mn = (0.70)(1.708)(55) = 65.76 kip-in. or 5.48 kip-ft 
~: = i:~~ = 3.28 kip-ft > 1.48 kip-ft OK 






(Eq. A5.I. J-J) 
All other regions of the system have their compression flange braced by the roof panel. Since the magni-
tude of the shears, moments and reactions are approximately 65 percent of those of the gravity case, it can 
be concluded that the design satisfies the Specification criteria for uplift. 
S. Compute Anchorage Forces 
Compute the anchorage forces at the supports (Section D3.2.1) with anchorage at every fourth purlin, 
Case (b4) Multiple-Span System with Restraints at the Supports. 
[
0.053bI.88LO.13 . ] 
PL = Clr ng.95d 1.07tO.94 - Sin e W 
e =tan- l (0.5/12) = 2.3859 degrees 
Gravity Case 
W=n(L)(DL + LL) = (4)(25)(15 + 100) = 11,500 Ibs 
End Span: 
= 0.075 in. 
[
CO.053)(2.51.88)(25X 12)°·13. ] 
PL = Clr 4°.958.01.070.075°.94 - sm(2.3859) 11,500 
= Ctr1889 
Interior Span: 
t = 0.060 in. 
[
<0.053)(2.51.88)(25X 12)°·13. ] 
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= etr 2441 
At outside supports, etr = 0.63 
PL = (0.63)(1889) = 1190 lbs 
At interior supports, average the contributions from adjacent purlins 
At first interior support, etr = 0.87 
PL = 0.87(1889 + 2441) / 2 = 1884lbs 
At center support, etr = 0.81 
PL = 0.81(2441 +2441)/2= 1977lbs 
Wind Uplift Case 
W = n(L)(D - W) = (4)(25)(15 - 115) = -10,000 lbs 
By inspection, the gravity case controls. 
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Example 11-3: C-Section Without Lips Braced At Mid-span 
I R = 0.1875 in. 
Wlive =? 
5.50 in. - - \.. - ----+x 
I 111111111111111111111111111111111111111111111111111111 
X 
~Brace Point (typ) 




1. Steel: Fy = 33 ksi 
2. Section: 5.5CU1.25x057 as shown in sketch above. The gross section properties are listed in Table 1-2. 
3. Simple span of 48 in. 
4. Braced against twisting and lateral deflection at mid-span and ends. Ends reinforced against crippling. 
Required: 
1. Largest permitted uniformly distributed load, Wlive, assuming a negligible dead load, using ASD and 
LRFD. Compute Wlive based on flexural capacity and check shear. 
Solution: 
The beam is subject to flexural-torsional buckling. 
1. Check lateral buckling strength (Section C3.1.2). 
For singly symmetric sections bent about the axis of symmetry, 
Me = CbroA jOeyOt 
n2E 
= 2 [( 1.0)(24.0) /0.346] 
= 60.51 ksi 
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= 1 [(11300)(0.000475) + 1[2(29500)(0.292)] 
(0.439)(2.08)2 [(1.0)(24.0)]2 
= 80.54 ksi 
Calculate Cb assuming a unit loading 
Cb = 12.5Mmax 
2.5Mmax + 3MA + 4MB + 3Mc 
(Eq. C3.1.2-11) 
M wL2 (1.0)(48.0)2 2880 k" b . max = -8-= 8 = . lp-In. at race pOInt 
M A :: 7~~ 2 :: (7)( 1.~~~48 .0) 2 :: 126.0 kip-in. at 114 point of unbraced segment 
MB :: 3~}2 :: (3)(I.~i48.0)2 :: 216.0 kip-in. at center point of un braced segment 
Me :: 1;~f :: (15)(\~~48.0)2 = 270.0 kip-in. at 3/4 point of un braced segment 
( 12.5)(288.0) 
Cb = (2.5)(288.0) + (3)(126.0) + (4)(216.0) + (3)(270.0) 
= 1.30 
Me = (1.30)(2.08)(0.439) j(60.51)(80.54) 
= 82.87 kip-in. 
My = SfFy 
= (0.624)(33) = 20.59 kip-in. 
2.78My = (2.78)(20.59) = 57.25 kip-in. < 82.87, therefore 
Me = My 
From Example 1-9 or Table 11-2, with f = 33 ksi, 
Se = 0.580 in.3 
Mn= SeFy 
= (0.580)(33) 
= 19.1 kip-in. 
2. Permitted uniform live load, Wlive 
8M 






< Mn _ 19.1 - 11 4 k' . 
- Q
b 
- 1.67 - . Ip-m. 
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Mu ~q,Mo = (0.90)(19.1) = 17.2 kip-in. 
Live load factor = 1.6 
1 6 . < (8)(17.2) 
. whve - (48.0)2 
wlive ~ 0.0373 kips/in. = 448 plf 
3. Check Shear (Section C3.2) 
hit = [5.50 - 2(0.057 + 0.1875)] 10.057 = 87.9 
0.96 jEkv/Fy = 0.96 /(29500)(5.34)/33 = 66.3 
1.415 jEkv/Fy = 1.415 /(29500)(5.34)/33 = 97.8 
For 0.96 jEkv/Fy < hit s 1.415 jEkv/Fy 
V 0 = 0.64t2 jkvFyE 
= 0.64(0.057) 2 ;r--(5-.3-4-)(3-3-)(-29-5-OO-) 
Vo = 4.74 kips 
nv = 1.67 
q,v = 0.90 
or Per Table 11-2, for a 5.5CU1.25x057 with a yield stress of 33 ksi: 
Vo =4.74 kips 
ASD 
Vn 
V = WliveL/2 ~ Q
v 
(0.0396)(48.0)/2 = 0.95 kips < i:~; = 2.83 kips OK 
LRFD 
V u = 1.6wliveL/2 ~ <Pv V n 
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Wdead = 120 pit, wlive = 780 pit /KR = 0.1875 in. : 
11111111111111111111111111111111111111111111111111111 
-+ I+-t = 0.135 in. L' 
- -------- -------- ----y 
I 
I 3.0 in. 






1. Steel: Fy = 55 ksi 
2. Section: 3HU4.5x 135 shown in sketch above. 
3. Top flange is in compression and is fully braced. 
Required: 
1. Check the flexural adequacy of a 6 foot long simple span beam with: 
Dead Load, Wdead = 120 plf 
Live Load, Wlive = 780 plf 
2. Do not consider inelastic reserve. 
3. Check using both ASD and LRFD. 
Solution: 




- (0.120)(6)2 - 0 540 k' f - 6 48 k' . 0= 8 - 8 -. IP- t -. lp-m. 
M - w1iveL2 - (0.780)(6)2 - 3 51 k' f - 42 12 k' . L - 8 - 8 -. IP- t - . lp-m. 
ASD 
Required Strength 
M = Mo + ML = 6.48 + 42.12 = 48.6 kip-in. 
From Example 1-13, Se = 1.516 in.3 
Nominal Moment 
Mn = SeFy 
= (1.516)(55) = 83.4 kip-in. 
Resistance 
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nb = 1.67 
Mn _ 83.4 - 49 9 k" 48 6 k' . OK C
b 
- 1.67 - . Ip-m. > . Ip-m. 
LRFD 
Required Strength 
Mu = 1.2MD + 1.6 ML 
= (1.2)(6.48) + (1.6)(42.12) 
= 75.2 kip-in. 
Nominal Moment 
Mn = SeFy 
= (1.516)(55) = 83.4 kip-in. 
Resistance 
Mu < <Pt>Mn 
<Pb = 0.95 
<t>bMn =(0.95)(83.4) = 79.2 kip-in. > 75.2 kip-in. OK 
The resistance factor of 0.95 is permitted per Section C3.1.1 because the compres-
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Example 11-5: Tubular Section - Round 
Given: 
1. Steel: Fy = 50 ksi 
2. Section: Shown in sketch above. 
Required: 
1. ASD design flexural strength. 
2. LRFD design flexural strength. 
Solution: 
1. Solve for Mn (Section C6.1): 
Ratio of outside diameter to wall thickness, 
D/t = 8.00010.125 = 64.00 
D/t < 0.441E1Fy = 0.441(29500150) = 260 OK 
Full Section Properties 
Sf = 1t[(O.D.)4 - (I.D.)4] I [32(O.D.)] 
= 1t [(8.000)4 - (7.750)4] 1[(32)(800)] 
= 5.995 in.3 
Determine the governing equation 
0.070 E I Fy = 0.070(29500/50) = 41.30 
0.319 E I Fy = 0.319(29500150) = 188.2 
Since 0.070 E I Fy < D/t < 0.319 E I Fy 
Mn = [.970 + 0.020(E~~:) ]FyS f 
Mn = [0.97 + .020(29~bSO) }SO)(S.99S) 
Mn = 346 kip-in. 
(Eq. C6.1-2) 
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2. ASD design strength 
M :5; Mn/nb 
nb=1.67 
M :5; 346/1.67 = 207 kip-in. 
3. LRFD design strength 
Mu :5; <PbMn 
<Pb = 0.95 
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PART III - COLUMN DESIGN 
SECTION 1 - CONCENTRICALLY LOADED COLUMNS 
1.1 Notes On The Tables 
(a) The specific sections listed in these tables are not necessarily stock sections. They 
are representative sections included primarily as a guide in the design of cold-
formed steel structural members. The section designations correspond to those 
for which dimensions and properties are given in Tables 1-1 and 1-2. 
(b) As a general rule, tabulated properties and capacities are shown to three signifi-
cant figures. 
(c) Where they apply, the algebraic formulae presented in Section 3 of Part I formed 
the basis of the calculations for these tables. 
(d) Tables III-l and 1II-2 give the nominal axial strength, Pn, for fully braced C-sec-
tions at yield stresses of 33 ksi and 55 ksi. 
(e) The values labeled Pweb, Pflange and Plip in Tables III-l and 1II-2 are the highest 
nominal forces at which the web, flange and lip (if applicable) respectively are 
fully effective. These values are only meaningful where they do not exceed Pno 
for the section and yield stress in question. 
(f) Tables 111-3 and III-4 give the nominal axial strength, Pn, for C-sections with va-
rying x and y-axis unbraced lengths. In all cases, the torsional unbraced length is 
assumed to equal the y-axis unbraced length. 
(g) The values in Tables III-l through III-4 are nominal strengths. These values must 
be modified by a factor of safety, Qc, for ASD or a resistance factor <Pc, for LRFD. 
See the appropriate Specification section for more information. 
1.2 Effective Axial Property Tables 
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Table 111-1 C Column Properties nc = 1.80 C-Sections With Lips <Pc = 0.85 
P n at f=Fy Pn at f=Fy 
kips 1 Maximum kips 1 Maximum 
Section Fy Effective Force, kips 2 Section Fy Effective Force, kips 2 
33 ksi 55ksi Pweb Pflange Plip 33 ksi 55 ksi Pweb PflanQe P 1ip 
16CS3.75x135 61.7 83.2 12.0 52.5 34.3 9CS3x135 56.1 81.1 26.2 71.1 45.9 
16CS3.75x105 39.9 53.8 5.63 28.1 17.8 9CS3x105 39.3 53.1 12.3 37.9 23.7 
16CS3.75x090 30.5 44.3 3.55 19.1 12.1 9CS3x090 30.3 40.9 7.70 25.7 16.1 
16CS3.75x075 23.9 32.9 2.05 12.1 7.77 9CS3x075 22.2 32.1 4.44 16.3 10.3 
9CS3x060 16.2 22.6 2.27 9.37 6.14 
14CS3.75x135 61.1 82.6 14.5 51.9 33.8 
14CS3.75x105 39.6 53.5 6.83 27.8 17.6 8CS 1.625x1 02 29.7 44.4 10.7 94.5 68.0 
14CS3. 75x090 30.3 44.1 4.29 18.9 11.9 8CS1.625x071 17.9 27.0 3.51 34.6 26.9 
14CS3.75x075 23.8 32.8 2.48 12.0 7.67 8CS1.625x057 13.3 19.2 1.79 19.5 16.4 
14CS3.75x060 16.6 22.9 1.27 6.93 4.56 8CS 1 .625x045 9.68 12.9 0.88 11.0 10.1 
12CS3.75x135 60.4 81.8 18.3 51 .1 33.0 5.5CS1.625x102 28.0 42.6 19.0 92.7 66.3 
12CS3.75x105 39.3 53.2 8.58 27.4 17.2 5.5CS1.625x071 17.4 26.4 6.13 34.0 26.3 
12CS3.75x090 30.1 43.9 5.39 18.7 11.7 5.5CS1.625x057 13.0 18.9 3.11 19.2 16.2 
12CS3.75x075 23.6 32.7 3.12 11.9 7.54 5.5CS1.625x045 9.55 12.7 1.51 10.8 10.0 
12CS3.75x060 16.5 22.9 1.59 6.86 4.49 5. 5CS 1. 62 5x035 6.55 9.02 0.71 5.85 6.15 
12CS1 .625x102 30.8 45.5 6.07 95.6 69.2 4CS4x135 45.4 66.7 93.8 33.3 19.5 
12CS1.625x071 18.3 27.4 2.02 34.9 27.2 4CS4x105 32.2 50.6 43.7 18.6 10.5 
4CS4x090 26.1 40.4 27.6 12.9 7.28 
11 CS3.75x135 59.9 81.3 20.9 50.6 32.5 4CS4x075 21.6 30.7 16.1 8.44 4.82 
11 CS3. 75x1 05 39.0 52.9 9.80 27.2 17.0 4CS4x060 15.5 21.8 8.47 5.01 2.98 
11 CS3. 75x090 29.9 43.7 6.16 18.6 11.6 
11 CS3.75x075 23.6 32.6 3.56 11.8 7.45 4CS1.625x071 16.1 24.0 10.5 26.8 17.3 
11 CS3. 75x060 16.5 22.8 1.82 6.82 4.45 4CS1.625x057 11.9 17.3 5.37 15.3 9.99 
4CS1.625x045 8.61 11.7 2.63 8.47 5.72 
10CS3x135 56.8 81.8 22.2 71.9 46.6 4CS1.625x035 5.69 8.28 1.23 4.55 3.27 
10CS3x105 39.7 53.5 10.4 38.2 24.1 
10CS3x090 30.5 41.1 6.54 25.9 16.3 3.5CS1.625x071 16.3 25.4 13.0 32.9 25.2 
10CS3x075 22.3 32.2 3.78 16.4 10.5 3.5CS1.625x057 12.5 18.4 6.49 18.7 15.6 
10CS3x060 16.3 22.7 1.93 9.44 6.20 3.5CS1.625x045 9.29 12.5 3.12 10.6 9.75 
3.5CS1.625x035 6.43 8.90 1.46 5.73 6.03 
1 OCS1.625x1 02 30.4 45.1 7.77 95.2 68.8 
10CS1.625x071 18.2 27.2 2.57 34.8 27.1 
10CS1.625x057 13.4 19.3 1.32 19.6 16.6 
1II-4 Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table III - 1 C Column Properties nc:: 1.80 C-Sections With Lips <Pc :: 0.85 
Pn at f::Fy Pn at f::Fy 
kips 1 Maximum kips 1 Maximum 
Section Fy Effective Force, kips 2 Section Fy Effective Force, kips 2 
33 ksi 55 ksi Pweb Pflange P1ip 33 ksi 55 ksi Pweb 
3CS3x135 38.8 60.5 151 51.9 30.5 2.5CS1.625x071 13.9 22.1 22.4 
3CS3x105 29.9 42.9 68.9 28.6 16.2 2.5CS1.625x057 11.0 16.0 11.1 
3CS3x090 24.1 34.8 43.1 19.8 11.2 2.5CS1.625x045 8.12 11.2 5.45 
3CS3x075 18.6 29.1 25.0 12.8 7.39 2.5CS1.625x035 5.53 7.75 2.54 
3CS3x060 14.7 21.1 13.0 7.58 4.55 
1.5CS1.625x071 11.5 18.2 52.7 
3CS 1 .625x071 15.1 22.9 16.6 25.8 16.6 1.5CS1.625x057 9.13 13.8 24.7 
3CS1.625x057 11.4 16.4 8.20 14.8 10.2 1.5CS 1.625x045 7.10 10.3 11.8 
3CS1.625x045 8.29 11.4 3.93 8.23 6.18 1.5CS1.625x035 5.11 7.39 5.75 
3CS1.625x035 5.61 7.83 1.84 4.50 3.73 
Notes: 
1. Axial strengths given are nominal strengths and must be modified by a factor of safety 
(AS D) or resistance factor (LRFD). 
2. P web, P flange and Plip are the highest nominal axial compression forces at which the web, 
flange and lip, respectively, are fully effective. 









Column Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 111- 2 [ Column Properties nc = 1.80 <Pc = 0.85 C-Sections Without Lips 
Pn at f=Fy Pn at f=Fy 
kips 1 Maximum kips 1 Maximum 
Section Effective Section Effective 
Fy Force, kips 2 Fy Force, kips 2 
33 55 Pweb Pflange 33 55 Pweb Pflange 
12CU 1.25x071 14.8 20.4 1.86 12.8 3.5CU1.25x071 12.7 18.3 11.0 10.7 
12CU 1 .25x057 10.1 13.9 0.96 6.51 3.5CU1.25x057 9.00 12.8 5.61 5.42 
3.5CU1.25x045 6.11 8.60 2.73 2.62 
10CU1.25x071 14.6 20.2 2.34 12.7 3.5CU1.25x035 4.01 5.61 1.27 1.21 
10CU1.25x057 9.98 13.8 1.21 6.43 
1 OCU 1 .25x045 6.59 9.08 0.59 3.11 3CU 1 .25x071 11.8 17.8 13.9 9.77 
3CU1.25x057 8.71 12.5 7.07 4.95 
8CU 1.25x071 14.4 20.0 3.14 12.4 3CU 1 .25x045 5.97 8.46 3.43 2.39 
8CU 1.25x057 9.86 13.7 1.62 6.31 3CU 1 .25x035 3.94 5.55 1.59 1.11 
8CU 1.25x045 6.53 9.02 0.79 3.05 
8CU1.25x035 4.20 5.81 0.37 1.42 2.5CU 1.25x071 10.7 16.7 18.5 8.82 
2.5CU1.25x057 8.13 12.1 9.35 4.47 
5.5CU1.25x071 13.8 19.4 5.34 11.9 2.5CU1 .25x045 5.77 8.25 4.52 2.16 
5.5CU 1 .25x057 9.57 13.4 2.74 6.02 2.5CU1 .25x035 3.85 5.45 2.09 1.00 
5.5CU1.25x045 6.39 8.88 1.34 2.91 
5.5CU1.25x035 4.14 5.74 0.63 1.35 1.5CU1.25x071 8.32 12.8 45.4 6.93 
1 .5CU 1.25x057 6.25 9.53 22.5 3.52 
4CU 1.25x071 13.1 18.7 8.79 11.2 1.5CU1.25x045 4.56 6.96 10.7 1.70 
4CU1.25x057 9.20 13.0 4.50 5.65 1.5CU 1.25x035 3.26 4.99 4.86 0.79 
4CU1.25x045 6.21 8.70 2.19 2.73 
4CU1.25x035 4.06 5.66 1.02 1.27 
Notes: 
1. Axial strengths given are nominal strengths and must be modified by a factor of safety 
(ASD) or resistance factor (LRFD). 
2. Pweb and Pflange are the highest nominal axial compression forces at which the web and 
flange, respectively, are fully effective. 
1.3 Axial Strength Tables 
III-5 
1II---6 Column Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 111- 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips <l>c = 0.85 C-Sections With Lips 
Fy = 33 ksi 
I 
Fy = 55 ksi 
i Section KLx Bracing (KLy = KLt) I Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
16CS3.75x135 5.0 61.5 61.4 61.2 60.5 57.1 82.8 82.5 81.9 80.4 72.7 
10.0 61.0 60.5 59.6 57.1 42.8 81.5 80.4 78.3 72.7 48.0 
15.0 60.2 59.1 57.1 51.6 25.8 79.6 77.1 72.7 61.6 25.8 
20.0 59.0 57.1 53.8 42.8 76.9 72.7 65.6 48.0 
25.0 57.5 54.7 48.8 34.0 73.6 67.4 57.6 34.3 
30.0 55.8 51.6 42.8 25.8 69.7 61.6 48.0 25.8 
35.0 53.8 47.3 36.8 20.2 65.5 55.5 37.9 20.2 
40.0 51.2 42.8 31.0 61.0 48.0 31.0 
16CS3. 75x1 05 5.0 39.8 39.7 39.6 39.2 37.0 53.5 53.3 53.0 52.0 47.2 
10.0 39.5 39.2 38.6 37.0 29.7 52.7 52.0 50.7 47.2 32.4 
15.0 38.9 38.2 37.0 33.7 18.4 51.5 49.9 47.2 40.2 18.4 
20.0 38.2 37.0 34.9 29.7 
! 
49.7 47.2 42.7 32.4 
25.0 37.2 35.5 32.5 24.0 47.6 43.9 37.6 24.3 
i 
30.0 36.1 33.7 29.7 18.4 45.2 40.2 32.4 18.4 
35.0 34.8 31.8 26.1 14.5 42.4 36.3 27.0 14.5 
I 
40.0 33.4 29.7 21.9 39.5 32.4 21.9 
16CS3.75x090 5.0 30.4 30.3 30.2 29.9 28.3 
I 
44.0 43.9 43.6 42.8 38.6 
10.0 30.1 29.9 29.5 28.3 22.8 43.4 42.8 41.6 38.6 24.9 
15.0 29.7 29.2 28.3 25.8 14.8 42.3 41.0 38.6 30.8 14.8 
20.0 29.1 28.3 26.7 22.8 40.8 38.6 32.7 24.9 
25.0 28.4 27.1 24.8 19.4 38.9 33.6 28.9 19.5 
30.0 27.6 25.8 c22.8 14.8 34.5 30.8 24.9 14.8 
35.0 26.6 24.3 20.5 11.8 32.4 27.9 21.1 11.8 
40.0 25.5 22.8 17.8 I 30.2 24.9 17.8 
16CS3.75x075 5.0 23.8 23.7 23.6 23.4 22.0 32.8 32.7 32.4 31.8 28.7 
10.0 23.6 23.4 23.0 22.0 16.6 32.3 31.8 31.0 28.7 18.2 
15.0 23.2 22.8 22.0 18.8 11.6 31.4 30.5 28.7 24.3 11.6 
20.0 22.7 22.0 19.4 16.6 30 .. 3 28.7 25.9 18.2 
25.0 22.1 19.7 18.1 14.2 2.8.9 26.6 22.6 14.3 
30.0 20.0 18.8 16.6 11.6 27.4 24.3 18.2 11.6 
35.0 19.3 17.7 15.0 9.11 25.6 21.7 15.4 9.11 
40.0 18.5 16.6 13.4 23.7 18.2 13.4 
14CS3.75x135 5.0 60.9 60.8 60.6 60.0 56.8 82.1! 81.9 81.4 80.0 72.6 
10.0 60.3 59.9 59.1 56.8 43.2 80.5 79.7 78.0 72.6 49.3 
15.0 59.2 58.4 56.8 51.7 26.4 78.1 76.3 72.6 62.1 26.4 
20.0 57.7 56.4 53.6 43.2 74 . .7 71.9 65.8 49.3 
25.0 55.9 54.0 49.0 34.6 70.7 66.6 58.2 35.1 
30.0 53.7 50.9 43.2 26.4 66.0 60.9 49.3 26.4 
35.0 51.0 46.6 37.4 20.6 61.0 54.8 38.9 20.6 
40.0 47.3 42.3 31.8 I 55.8 47.5 31.8 
-
--
Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 1II-7 
Table 111- 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi IJ Fy = 55 ksi Section KLx Bracing (KLy = KLt) Bracing (Kly= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None C~nt. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
14CS3.75x105 5.0 39.5 39.4 39.3 38.9 36.9 53.2 53.1 52.8 51.9 47.2 
10.0 39.1 38.8 38.4 36.9 29.9 52.2 51.7 50.6 47.2 33.0 
15.0 38.4 37.9 36.9 33.8 18.9 50.6 49.5 47.2 40.6 18.9 
20.0 37.4 36.6 34.9 29.9 48.5 46.6 42.9 33.0 
25.0 36.3 35.0 32.6 24.6 45.8 43.2 38.1 25.1 
30.0 34.9 33.2 29.9 18.9 42.9 39.5 33.0 18.9 
35.0 33.3 31.3 26.7 14.9 39.7 35.6 28.0 14.9 
40.0 31.6 29.1 22.6 36.3 31.6 22.7 
14CS3.75x090 5.0 30.2 30.2 30.1 29.6 28.2 43.8 43.7 43.5 42.7 38.7 
10.0 29.9 29.7 29.4 28.2 23.0 43.0 42.5 41.6 38.7 25.4 
15.0 29.3 29.0 28.2 25.9 15.3 41.6 40.6 38.7 31.1 15.3 
20.0 28.6 28.0 26.7 23.0 39.7 38.1 32.9 25.4 
25.0 27.7 26.8 25.0 19.7 37.4 33.1 29.2 20.0 
30.0 26.7 25.4 23.0 15.3 32.8 30.2 25.4 15.3 
35.0 25.5 23.9 20.8 12.1 30.4 27.2 21.6 12.1 
40.0 24.2 22.3 18.4 27.8 24.2 18.5 
14CS3.75x075 5.0 23.7 23.6 23.6 23.3 22.0 32.6 32.5 32.4 31.8 28.9 
10.0 23.4 23.3 23.0 22.0 16.7 32.0 31.7 31.0 28.9 18.6 
15.0 22.9 22.6 22.0 18.9 12.0 31.0 30.2 28.9 24.6 12.0 
20.0 22.3 21.8 19.5 16.7 29.6 28.4 26.1 18.6 
25.0 20.2 19.5 18.2 14.4 27.9 26.2 23.0 14.7 
30.0 19.4 18.5 16.7 12.0 26.0 23.7 18.6 12.0 
35.0 18.6 17.4 15.2 9.42 23.8 19.8 15.8 9.42 
40.0 17.6 16.2 13.6 21.6 17.6 13.7 
14CS3.75x060 5.0 16.5 16.5 16.5 16.3 15.4 22.8 22.7 22.6 22.2 20.2 
10.0 16.3 16.2 16.1 15.4 12.3 22.4 22.1 21.7 20.2 13.8 
15.0 16.0 15.8 15.4 14.0 8.22 21.6 21.1 20.2 17.2 8.22 
20.0 15.6 15.2 14.5 12.3 20.7 19.8 18.3 13.8 
25.0 15.1 14.5 13.4 9.80 19.5 18.3 16.1 10.0 
30.0 14.4 13.7 12.3 8.22 18.1 16.6 13.8 8.22 
35.0 13.7 12.7 10.3 6.96 16.7 14.7 11.5 6.96 
40.0 12.9 11.8 9.3 15.1 12.9 9.3 
12CS3.75x135 5.0 60.1 60.0 59.8 59.3 56.2 81.1 80.9 80.6 79.3 72.4 
10.0 59.2 58.8 58.2 56.2 43.5 79.1 78.3 76.9 72.4 50.5 
15.0 57.8 57.0 55.8 51.5 26.8 75.9 74.1 71.3 62.3 26.8 
19.0 56.3 55.1 53.2 45.2 18.0 72.6 69.9 65.9 53.1 18.0 
24.0 54.1 52.2 48.9 36.6 67.7 63.8 58.4 38.2 
29.0 51.4 48.1 43.4 28.4 62.1 57.2 50.4 28.4 
34.0 47.4 43.2 37.9 21.8 56.2 50.0 40.2 21.8 
~ 38.0 43.9 39.3 33.7 18.0 51.2 42.5 34.2 18.0 
III-8 Column Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 111- 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
12CS3. 75x1 05 5.0 39.1 39.0 38.9 38.6 36.7 52.7 52.6 52.3 51.6 47.2 
10.0 38.5 38.3 37.9 36.7 30.0 51.4 50.9 50.0 47.1 33.5 
15.0 37.6 37.1 36.3 33.7 19.4 49.4 48.2 46.4 40.8 19.4 
20.0 36.4 35.6 34.2 30.0 12.2 46.6 44.7 41.9 33.5 12.2 
24.0 35.2 34.1 32.3 26.3 44.1 41.5 37.9 27.6 
29.0 33.6 32.0 29.6 20.4 40.5 37.2 32.8 20.4 
34.0 31.7 29.6 26.5 16.0 36.7 32.8 27.9 16.0 
39.0 29.6 27.0 22.6 12.8 32.7 28.4 22.7 12.8 
12CS3.75x090 5.0 29.9 29.9 29.8 29.6 28.1 43.5 43.4 43.2 42.5 38.8 
10.0 29.5 29.3 29.0 28.1 23.1 42.4 41.9 41.2 38.6 25.8 
15.0 28.8 28.4 27.8 25.8 15.8 40.6 39.6 38.0 31.3 15.8 
20.0 27.9 27.2 26.2 23.1 10.1 38.2 34.3 32.1 25.8 10.1 
24.0 27.0 26.1 24.7 20.6 33.8 31.8 29.0 21.4 
29.0 25.7 24.5 22.7 16.7 31.0 28.5 25.1 16.7 
34.0 24.3 22.7 20.5 13.0 28.1 25.1 21.3 13.0 
39.0 22.7 20.9 18.1 10.5 25.1 21.8 18.2 10.5 
12CS3.75x075 5.0 23.5 23.5 23.4 23.2 22.0 32.4 32.3 32.2 31.7 28.9 
10.0 23.2 23.0 22.8 21.9 16.9 I 31.6 31.2 30.7 28.8 18.9 
15.0 22.6 22.2 21.7 18.8 12.3 I! 30.3 29.5 28.4 24.7 12.3 
20.0 21.8 19.9 19.1 16.8 7.90 1 28.5 27.3 25.4 18.8 7.90 
24.0 19.7 19.0 18.0 15.1 26.8 25.2 22.8 15.7 
29.0 18.7 17.8 16.5 12.7 24.5 22.3 18.3 12.7 
34.0 17.7 16.6 15.0 10.2 22.0 18.3 15.5 10.2 
39.0 16.6 15.2 13.4 8.21 18.3 15.9 13.4 8.21 
12CS3.75x060 5.0 16.5 16.4 16.4 16.2 15.4 22.7 22.6 22.5 22.2 20.3 
10.0 16.2 16.1 15.9 15.3 12.4 22.1 21.9 21.5 20.2 14.1 
15.0 15.8 15.6 15.2 14.0 8.40 21.2 20.7 19.8 17.3 8.40 
20.0 15.2 14.8 14.2 12.3 5.83 19.9 19.1 17.8 13.9 5.83 
24.0 14.7 14.1 13.3 10.2 18.8 17.6 15.9 11.3 
29.0 13.9 13.2 12.1 8.66 17.2 15.6 13.5 8.66 
34.0 13.1 12.1 10.1 7.34 15.4 13.6 11.2 7.34 
39.0 12.1 10.3 9.03 6.07 13.6 11.5 9.05 6.07 
12CS1.625x102 5.0 30.6 29.7 28.8 26.4 16.7 44.9 42.6 40.5 35.0 16.8 
9.0 30.1 27.2 24.7 18.7 43.7 36.8 31.2 19.7 
13.0 29.3 23.7 19.4 11.4 41.7 29.3 20.8 11.4 
18.0 28.0 18.7 12.8 38.6 19.7 12.8 
22.0 26.7 14.6 9.49 35.5 14.6 9.49 
26.0 25.2 11.4 32.2 11.4 
31.0 23.1 27.9 
35.0 21.3 24.5 II 
Column Design for use with the 1996 AISI Cold-Formed Steel Specification III-9 
Table 111- 3 
Q c = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (Kly= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
12CS1.625x071 5.0 18.2 17.7 17.2 15.8 10.2 27.1 25.8 24.5 21.4 10.5 
9.0 17.9 16.3 14.8 11.4 
! 
26.3 22.4 19.1 12.3 
14.0 17.2 13.7 11.0 6.35 24.8 16.8 11.7 6.35 
18.0 16.6 11.4 7.99 23.2 12.3 7.99 
22.0 15.8 9.09 5.93 21.3 9.10 5.93 
27.0 14.7 6.70 18.8 6.70 
31.0 13.7 5.46 16.7 5.46 
35.0 12.6 14.6 
11 GS3. 75x135 5.0 59.5 59.4 59.3 58.7 55.8 80.5 80.3 79.9 78.7 72.0 
9.0 58.8 58.4 58.0 56.3 46.8 78.8 78.0 76.9 73.1 55.5 
14.0 57.3 56.5 55.4 51.8 30.3 75.3 73.6 71.2 63.5 30.3 
18.0 55.6 54.4 52.8 46.3 19.6 71.7 69.1 65.5 54.8 19.6 
22.0 53.7 52.0 49.3 40.1 67.4 63.9 59.2 44.4 
27.0 50.8 47.6 43.5 31 .9 61.4 56.8 51.0 32.2 
31.0 47.3 43.5 38.8 25.5 56.3 50.9 42.1 25.5 
36.0 42.6 38.2 33.3 19.6 49.3 41.0 33.7 19.6 
11CS3.75x105 5.0 38.8 38.8 38.7 38.3 36.4 52.4 52.3 52.0 51.2 46.9 
9.0 38.3 38.1 37.8 36.8 31.4 51.3 50.8 50.1 47.7 36.5 
14.0 37.4 36.9 36.2 33.8 21.8 49.1 48.0 46.4 41.3 21.9 
18.0 36.3 35.6 34.5 31.0 14.7 46.7 45.0 42.7 35.6 14.7 
23.0 34.8 33.6 32.0 26.9 43.3 40.8 37.5 28.3 
27.0 33.3 31.7 29.7 22.5 40.1 37.1 33.2 22.6 
31.0 31.6 29.8 27.3 18.6 36.9 33.3 28.9 18.6 
36.0 29.4 27.1 23.2 14.7 32.6 28.5 23.4 14.7 
11 GS3. 75x090 5.0 29.8 29.7 29.6 29.4 27.9 43.3 43.2 43.0 42.3 38.5 
9.0 29.4 29.2 29.0 28.2 24.1 42.3 41.9 41.3 39.2 27.9 
14.0 28.7 28.3 27.8 26.0 17.8 40.4 39.4 38.1 31.7 17.9 
18.0 27.9 27.3 26.4 23.8 12.0 38.4 36.9 32.7 27.2 12.0 
23.0 26.7 25.8 24.5 20.7 33.2 31.3 28.7 21.7 
27.0 25.5 24.4 22.8 18.0 30.8 28.4 25.4 18.1 
31.0 24.3 22.9 21.0 14.7 28.3 25.5 22.1 14.7 
36.0 22.6 20.9 18.6 11.9 25.1 21.9 18.8 11.9 
11 GS3. 75x075 5.0 23.4 23.4 23.3 23.1 21.8 32.3 32.2 32.0 31.5 28.7 
9.0 23.1 23.0 22.8 22.1 17.6 31.6 31.3 30.8 29.2 21.8 
14.0 22.5 22.1 21.7 18.9 13.3 30.2 29.4 28.4 25.1 13.3 
18.0 21.8 19.9 19.3 17.3 9.41 28.6 27.5 26.0 19.8 9.41 
23.0 19.5 18.8 17.9 15.1 26.4 24.7 22.S 15.7 
I 
27.0 18.6 17.8 16.6 13.2 24.3 22.3 18.5 13.3 
i 
32.0 17.5 16.4 15.0 10.8 21.6 18.1 15.5 10.8 
36.0 16.5 15.2 13.6 9.03 18.3 16.0 13.7 9.03 
--- -
III-IO Column Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 111- 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy :: KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
11 CS3. 75x060 5.0 16.4 16.4 16.3 16.2 15.3 22.6 22.5 22.4 22.1 20.1 
9.0 16.2 16.1 15.9 15.5 13.0 22.1 21.9 21.6 20.5 15.3 
14.0 15.7 15.5 15.2 14.1 8.94 21.1 20.6 19.9 17.6 8.95 
18.0 15.3 14.9 14.4 12.7 6.89 20.1 19.3 18.2 14.8 6.89 
23.0 14.5 14.0 13.2 10.2 18.5 17.3 15.8 11.4 
27.0 13.9 13.1 12.2 8.94 17.1 15.6 13.7 8.95 
32.0 12.9 12.0 10.1 7.50 15.2 13.4 11.2 7.50 
36.0 12.1 10.3 9.2 6.53 13.6 11.6 9.3 6.53 
10CS3x135 4.0 56.5 56.4 56.2 55.5 51.6 81.2 81.0 80.7 79.4 72.6 
8.0 55.4 55.0 54.3 51.6 38.9 79.4 78.6 77.4 72.6 45.2 
12.0 53.8 52.9 51.4 46.2 23.5 76.4 74.8 72.2 59.4 23.5 
16.0 51.6 50.1 47.9 38.9 72.4 69.0 63.6 45.2 
20.0 48.9 47.0 43.8 31.1 66.1 61.2 54.4 31.9 
24.0 46.1 43.1 38.9 23.5 59.0 53.0 45.2 23.5 
28.0 42.4 38.9 33.7 17.5 51.7 45.4 35.7 17.5 
32.0 38.6 34.7 28.5 44.8 37.4 28.7 
1 OCS3x1 05 4.0 39.5 39.4 39.3 39.0 36.6 53.0 52.9 52.7 51.9 47.6 
8.0 39.0 38.7 38.4 36.6 27.6 51.8 51.3 50.5 47.6 32.3 
12.0 38.1 37.4 36.3 32.5 17.4 49.9 48.9 47.2 41.3 17.4 
16.0 36.4 35.3 33.6 27.6 10.8 47.4 45.7 43.0 32.3 10.8 
20.0 34.5 32.9 30.5 22.6 44.3 41.9 38.3 23.4 
24.0 32.2 30.2 27.3 17.4 40.9 37.5 31.6 17.4 
28.0 29.8 27.3 24.2 13.5 36.7 31.6 25.6 13.5 
32.0 27.2 24.5 20.8 10.8 31.5 26.2 21.1 10.8 
10CS3x090 4.0 30.4 30.3 30.3 30.0 28.6 40.8 40.7 40.5 39.9 36.7 
8.0 30.0 29.8 29.6 28.6 22.4 39.9 39.5 38.9 36.7 26.3 
12.0 29.4 29.0 28.4 26.3 14.3 38.4 37.6 36.3 31.9 14.3 
16.0 28.5 27.8 26.9 22.4 8.94 36.4 35.1 33.1 26.3 8.94 
20.0 27.4 26.4 24.7 18.3 34.1 32.2 29.5 18.9 
24.0 26.1 24.4 22.0 14.3 31.5 29.0 25.5 14.3 
28.0 24.1 22.0 19.2 11.1 28.6 25.6 20.4 11.1 
32.0 22.0 19.6 16.7 8.94 25.6 21.0 16.8 8.94 
10CS3x075 4.0 22.2 22.2 22.1 21.9 20.9 31.9 31.9 31.7 31.2 26.9 
8.0 21.9 21.8 21.6 20.9 17.2 31.2 30.8 30.3 26.9 19.4 
12.0 21.5 21.2 20.8 19.3 11.2 28.1 27.5 26.6 23.4 11.2 
16.0 20.8 20.4 19.7 17.2 7.10 26.7 25.7 24.2 19.4 7.10 
20.0 20.0 19.4 18.4 14.3 24.9 23.6 21.5 14.9 
24.0 19.1 18.2 16.9 11.2 23.0 21.2 18.7 11.2 
28.0 18.1 16.9 14.9 8.82 21.0 18.8 15.7 8.82 
32.0 17.0 15.2 12.7 7.10 18.9 16.4 12.8 7.10 
J 
Column Design for use with the 1996 AISI Cold-Formed Steel Specification III-ll 
Table 111- 3 
Q c = 1.80 C Nominal Axial Strength, Pn, kips Q>c = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
10CS3x060 4.0 16.2 16.1 16.1 16.0 14.3 22.5 22.4 22.3 22.0 20.1 
8.0 15.9 15.8 15.7 14.3 11.8 22.0 21 .7 21.4 20.1 13.3 
12.0 15.5 14.4 14.2 13.2 8.31 21.1 20.6 19.8 17.2 8.31 
16.0 14.2 13.9 13.4 11.8 5.32 19.9 19.1 17.8 13.3 5.32 
20.0 13.7 13.2 12.5 10.3 18.5 17.3 15.6 10.6 
24.0 13.0 12.4 11.5 8.31 16.9 14.5 12.8 8.31 
28.0 12.3 11.6 10.5 6.56 14.3 12.8 10.9 6.56 
32.0 11.6 10.7 9.32 5.32 12.9 11.2 9.38 5.32 
1 OCS1.625x1 02 4.0 30.2 29.7 29.2 27.7 21.1 44.5 43.4 42.1 38.6 24.5 
8.0 29.6 27.7 25.8 21.1 43.0 38.6 34.3 24.5 
11.0 28.9 25.6 22.4 15.3 41.3 33.7 27.0 15.3 
15.0 27.6 22.1 17.2 9.45 38.3 26.3 17.7 9.45 
19.0 26.1 18.2 12.3 34.8 19.2 12.3 
22.0 24.7 15.3 9.80 31.9 15.3 9.80 
26.0 22.8 11.8 27.8 11.8 
30.0 20.7 9.45 23.7 9.45 
1 oes 1 .625x071 4.0 18.0 17.8 17.5 16.7 12.9 27.0 26.3 25.6 23.6 15.3 
8.0 17.7 16.7 15.6 12.9 5.47 26.1 23.6 21.1 15.3 5.47 
12.0 17.1 15.0 12.9 8.48 24.6 19.7 15.3 8.48 
15.0 16.5 13.5 10.7 6.03 23.2 16.4 11.2 6.03 
19.0 15.6 11.2 7.81 21.0 12.1 7.81 
23.0 14.5 9.03 5.83 18.6 9.05 5.83 
26.0 13.6 7.50 16.8 7.50 
30.0 12.4 6.03 14.3 6.03 
10eS1.625x057 4.0 13.3 13.1 12.9 12.3 9.57 19.1 18.7 18.3 17.3 11.5 
8.0 13.0 12.3 11.5 9.57 4.08 18.6 17.3 15.7 11.5 4.08 
12.0 12.6 11.1 9.57 6.34 17.7 14.7 11.5 6.34 
15.0 12.2 9.96 7.94 4.50 17.0 12.3 8.41 4.50 
19.0 11.5 8.35 5.83 15.6 9.12 5.83 
23.0 10.7 6.73 4.35 13.8 6.77 4.35 
26.0 10.0 5.60 12.4 5.60 
30.0 9.10 4.50 10.6 4.50 
9CS3x135 4.0 55.6 55.5 55.3 54.7 51.0 80.3 80.1 79.8 78.6 72.1 
8.0 54.4 53.9 53.2 50.9 38.7 78.1 77.3 76.1 71.9 45.5 
11.0 53.0 52.1 50.9 47.1 27.2 75.6 74.1 71.9 62.8 27.3 
15.0 50.5 49.1 47.2 40.5 14.8 71.1 67.6 63.0 48.8 14.8 
18.0 48.3 46.5 44.0 34.8 65.8 61.3 55.6 38.3 
22.0 45.2 42.4 39.1 27.2 58.0 52.4 46.2 27.3 
25.0 42.2 39.0 35.3 21.3 51.9 46.2 39.1 21.3 
29.0 38.0 34.3 30.3 15.8 44.3 37.4 31.2 15.8 
-- --' - - -_.-
1II-12 Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table III - 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi ~ Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
9CS3x105 4.0 39.1 39.0 38.9 38.6 36.3 52.6 52.5 52.2 51.5 47.4 
8.0 38.5 38.2 37.9 36.1 27.6 51.2 50.6 49.8 47.1 32.6 
11.0 37.7 37.1 36.2 33.2 20.1 49.5 48.6 47.1 42.6 20.3 
15.0 35.9 34.8 33.3 28.7 12.0 46.7 45.0 42.7 34.8 12.0 
18.0 34.3 32.8 30.9 25.2 44.2 41.9 39.0 27.7 
22.0 31.8 29.8 27.4 20.1 40.4 37.2 32.2 20.3 
26.0 29.1 26.7 24.1 15.3 35.6 30.9 25.6 15.3 
29.0 27.0 24.5 21.4 12.7 31.3 26.3 21.9 12.7 
9CS3x090 4.0 30.1 30.1 30.0 29.8 28.4 40.5 40.4 40.2 39.6 36.6 
8.0 29.7 29.5 29.2 28.3 22.5 39.4 39.0 38.4 36.3 26.5 
11.0 29.1 28.8 28.3 26.6 16.5 38.1 37.4 36.3 32.8 16.6 
15.0 28.1 27.5 26.7 23.2 10.0 36.0 34.7 32.9 27.4 10.0 
18.0 27.2 26.4 25.0 20.2 34.0 32.3 30.0 22.3 
22.0 25.8 24.2 22.1 16.5 31.2 28.9 25.9 16.6 
26.0 23.6 21.6 19.2 12.7 28.0 25.0 20.5 12.7 
29.0 21.9 19.7 17.1 10.6 25.5 21.3 17.4 10.6 
9CS3x075 4.0 22.1 22.0 22.0 21.8 20.8 31.8 31.7 31.5 31.0 26.8 
8.0 21.7 21.6 21.4 20.7 17.3 30.8 30.5 29.9 26.6 19.5 
11.0 21.3 21.1 20.7 19.5 12.9 27.9 27.4 26.6 24.0 13.0 
15.0 20.6 20.2 19.6 17.5 7.98 26.4 25.4 24.1 20.1 7.98 
19.0 19.7 19.1 18.2 14.9 24.4 23.1 21.2 15.9 
22.0 19.0 18.1 17.0 12.6 22.8 21.2 19.0 12.7 
26.0 17.8 16.7 14.9 10.1 20.6 18.5 15.9 10.1 
29.0 16.9 15.3 13.2 8.44 18.8 16.5 13.4 8.44 
9CS3x060 4.0 16.1 16.1 16.0 15.9 14.2 22.4 22.3 22.2 21.9 20.0 
8.0 15.8 15.7 15.5 14.1 11.8 21.7 21.5 21.1 19.9 13.4 
11.0 15.5 14.4 14.1 13.3 9.55 21.0 20.5 19.9 17.7 9.64 
15.0 14.1 13.8 13.4 12.0 6.01 19.7 18.9 17.8 13.7 6.01 
19.0 13.5 13.0 12.4 10.5 18.1 16.9 14.5 10.9 
22.0 13.0 12.4 11.6 9.22 16.8 14.5 13.0 9.27 
26.0 12.2 11.5 10.5 7.19 14.1 12.7 10.9 7.19 
29.0 11.6 10.7 9.60 6.18 12.9 11.3 9.71 6.18 
-8CS1.625x102 3.0 29.5 29.3 29.1 28.3 24.6 43.9 43.5 42.8 41.0 32.4 
6.0 29.0 28.3 27.3 24.6 13.9 42.6 41.0 38.6 32.4 13.9 
9.0 28.1 26.7 24.6 19.4 40.6 37.2 32.4 21.9 
12.0 27.0 24.6 21.2 13.9 37.9 32.4 25.4 13.9 
15.0 25.6 22.1 17.6 9.44 34.7 27.2 18.6 9.44 
18.0 24.0 19.4 13.9 31.2 21.9 13.9 
21.0 22.3 16.7 10.8 27.5 17.2 10.8 
24.0 20.4 13.9 8.30 23.8 13.9 8.30 
Column Design for use with the 1996 AISI Cold-Formed Steel Specification 111-13 
Table III - 3 
Qc = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
8GS 1 .625x071 4.0 17.7 17.6 17.3 16.6 13.1 
I 
26.6 26.2 25.5 23.7 16.0 
7.0 17.4 16.9 16.1 14.1 7.05 
! 
25.7 24.5 22.6 18.1 7.05 
10.0 16.8 15.9 14.4 11.0 24.3 22.0 18.8 12.0 
13.0 16.1 14.6 12.5 7.92 22.5 19.1 14.6 7.92 
16.0 15.2 13.1 10.3 5.71 20.5 16.0 10.8 5.71 
19.0 14.2 11.6 8.25 18.3 12.9 8.25 
22.0 13.1 9.99 6.55 16.0 10.3 6.55 
25.0 12.0 8.42 5.35 13.8 8.42 5.35 
8GS1.625x057 4.0 13.1 13.0 12.8 12.3 9.78 I 18.9 18.7 18.3 17.3 12.0 
7.0 12.9 12.5 12.0 10.5 5.31 i 18.4 17.7 16.8 13.6 5.31 
I 
10.0 12.4 11.8 10.7 8.25 I 17.6 16.5 14.1 9.03 
13.0 11.9 10.8 9.28 5.97 I 16.7 14.3 11.0 5.97 I 
16.0 11.2 9.78 7.73 4.31 
I 
15.2 12.0 8.15 4.31 
19.0 10.5 8.64 6.21 13.6 9.77 6.21 
22.0 9.72 7.48 4.94 11.9 7.76 4.94 
25.0 8.88 6.34 4.04 10.2 6.35 4.04 
8GS 1 .625x045 4.0 9.57 9.49 9.35 8.96 7.13 12.4 12.3 12.2 11 .7 8.87 
7.0 9.37 9.12 8.72 7.66 3.88 12.2 11.9 11.5 10.0 3.88 
10.0 9.06 8.58 7.83 6.03 11.8 11.3 10.3 6.67 
13.0 8.66 7.91 6.77 4.37 1.1.4 10.4 8.12 4.37 
16.0 8.18 7.13 5.65 3.15 10.9 8.87 6.00 3.15 
19.0 7.63 6.31 4.55 9.95 7.21 4.55 
22.0 7.05 5.46 3.61 8.69 5.71 3.61 
25.0 6.43 4.64 2.95 7.45 4.65 2.95 
5.5CS1.625x102 3.0 27.6 27.5 27.4 26.8 23.5 41.8 41.6 41.2 39.7 32.1 
5.0 27.0 26.8 26.4 24.8 16.9 40.3 39.7 38.9 35.0 19.2 
7.0 26.2 25.7 25.1 22.1 9.82 38.2 37.2 35.6 29.0 9.82 
9.0 25.1 24.4 23.4 18.9 5.94 ~ 35.6 34.0 31.9 22.4 5.94 
11.0 23.7 22.8 21.6 15.0 II 32.6 30.5 27.9 15.9 
13.0 22.2 21.0 19.5 11.4 29.3 26.8 23.5 11.4 
15.0 20.6 19.2 16.9 8.55 25.8 23.0 19.2 8.55 
18.0 17.8 15.9 13.2 5.94 2.0.6 17.4 13.4 5.94 
5.5CS1.625x071 3.0 17.2 17.1 17.0 16.7 14.8 26.0 25.8 25.6 24.8 20.3 
5.0 16.8 16.7 16.4 15.6 11.2 25.1 24.7 24.1 22.0 12.7 
7.0 16.3 16.0 15.6 14.0 7.31 23.8 23.1 22.1 18.5 7.31 
9.0 15.6 15.2 14.6 12.2 4.57 22.2 21 .2 19.7 14.6 4.57 
11.0 14.9 14.2 13.4 10.2 20.4 19.0 17.1 10.9 
14.0 13.5 12.6 11.5 7.31 I 17.3 15.5 13.3 7.31 
16.0 12.5 11.4 10.2 5.78 15.2 13.2 10.9 5.78 
18.0 11.4 10.3 8.96 4.57 13.1 11.0 9.12 4.57 
III-14 Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table III - 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 114 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
5.5CS1.625x057 3.0 12.8 12.8 12.7 12.5 11.1 18.6 18.5 18.4 17.9 15.4 
5.0 12.6 12.5 12.3 11.7 8.48 18.1 17.8 17.5 16.5 9.72 
7.0 12.2 12.0 11.6 10.5 5.63 17.4 17.0 16.4 14.0 5.63 
9.0 11.7 11.4 10.9 9.19 3.71 16.5 15.9 14.7 11.1 3.71 
11.0 11.1 10.6 9.97 7.76 15.3 14.2 12.7 8.37 
14.0 10.1 9.41 8.52 5.63 13.0 11.6 9.80 5.63 
16.0 9.34 8.54 7.54 4.52 11.4 9.84 8.01 4.52 
18.0 8.57 7.66 6.59 3.71 9.89 8.21 6.67 3.71 
5. 5CS 1 .625x045 3.0 9.45 9.42 9.37 9.19 8.21 12.3 12.3 12.2 12.0 10.9 
5.0 9.25 9.17 9.03 8.58 6.27 12.1 12.0 11.8 11.3 7.25 
7.0 8.97 8.80 8.56 7.76 4.20 11.8 11.6 11.3 10.3 4.20 
9.0 8.60 8.34 7.98 6.79 2.78 11.4 11.1 10.6 8.29 2.78 
11.0 8.17 7.81 7.31 5.74 10.9 10.33 9.37 6.25 
14.0 7.42 6.90 6.22 4.20 9.61 8.51 7.15 4.20 
16.0 6.87 6.25 5.48 3.37 8.44 7.22 5.81 3.37 
18.0 6.29 5.60 4.76 2.78 7.29 6.00 4.81 2.78 
5.5CS1.625x035 3.0 6.50 6.48 6.46 6.34 5.94 8.92 8.88 8.83 8.63 7.53 
5.0 6.40 6.33 6.30 6.16 4.55 8.70 8.60 8.45 7.94 5.30 
7.0 6.28 6.23 6.15 5.60 3.05 8.38 8.20 7.92 6.98 3.05 
9.0 6.17 6.02 5.77 4.89 2.01 7.97 7.67 7.23 5.97 2.01 
11.0 5.91 5.65 5.27 4.14 7.47 7.04 6.45 4.53 
14.0 5.36 4.98 4.46 3.05 6.60 6.12 5.13 3.05 
16.0 4.96 4.50 3.91 2.44 6.09 5.21 4.14 2.44 
18.0 4.54 4.02 3.38 2.01 5.28 4.31 3.41 2.01 
4CS4x135 2.0 45.1 45.0 44.9 44.6 43.1 65.9 65.6 65.3 64.6 60.7 
4.0 44.2 43.8 43.4 42.4 37.4 63.5 62.4 61.5 58.9 47.0 
6.0 42.7 41.8 41.1 39.1 29.3 59.7 57.5 55.7 50.8 33.3 
8.0 40.7 39.3 38.2 35.1 20.9 54.9 51.5 48.8 42.0 20.9 
9.0 39.6 37.9 36.5 32.8 17.7 52.2 48.2 45.1 37.8 17.7 
11 .0 37.1 34.8 32.8 26.6 13.3 46.4 41.4 37.9 28.4 13.3 
13.0 34.3 30.5 27.6 21.1 10.8 40.5 34.9 30.0 21.2 10.8 
15.0 30.5 25.7 22.6 16.7 9.12 34.8 27.0 22.9 16.7 9.12 
4CS4x105 2.0 31.9 31.9 31.8 31.6 30.5 50.0 49.8 49.7 49.2 43.3 
4.0 31.3 31.0 30.7 30.0 26.2 48.4 47.7 47.0 42.0 33.2 
6.0 30.2 29.6 29.1 27.5 21.0 42.7 41.1 39.8 36.2 22.6 
8.0 28.8 27.8 26.9 24.6 15.0 39.2 36.7 34.7 29.6 15.0 
9.0 28.0 26.7 25.7 23.0 12.4 37.2 34.3 32.1 26.4 12.4 
11.0 26.2 24.5 23.2 19.8 9.14 33.1 29.4 26.7 20.7 9.14 
13.0 24.2 22.1 20.5 15.9 7.15 28.8 24.6 21.8 15.9 7.15 
15.0 22.1 19.7 17.6 12.3 5.89 24.6 20.4 17.8 12.3 5.89 
-
Column Design for use with the 1996 AISI Cold-Formed Steel Specification III-IS 
Table 111- 3 
Q c = 1.80 C Nominal Axial Strength, Pn, kips $c = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
4CS4x090 2.0 25.9 25.8 25.8 25.6 24.7 39.9 39.8 39.6 39.2 37.1 
4.0 25.4 25.1 24.9 24.3 21.2 38.6 38.1 37.6 36.1 26.9 
6.0 24.5 24.0 23.5 22.3 16.8 36.6 35.4 34.4 31.5 18.0 
8.0 23.3 22.5 21.8 19.8 12.5 33.9 32.0 30.4 24.0 12.5 
9.0 22.7 21.6 20.8 18.5 10.2 32.4 30.0 26.0 21.3 10.2 
11.0 21.2 19.8 18.7 15.9 7.40 26.9 23.9 21.6 16.5 7.40 
13.0 19.5 17.8 16.5 13.3 5.70 23.4 19.9 17.5 13.3 5.70 
15.0 17.8 15.8 14.4 10.4 4.62 20.0 16.4 14.5 10.4 4.62 
4CS4x075 2.0 21.5 21.4 21.4 21.3 20.6 30.3 30.2 30.1 29.8 28.3 
4.0 21.1 20.9 20.7 20.2 17.7 29.4 29.0 28.6 27.5 22.2 
6.0 20.4 20.0 19.7 18.6 12.9 27.9 27.0 26.3 24.1 13.8 
8.0 19.5 18.8 18.3 15.4 9.55 25.9 24.5 23.3 20.0 9.55 
9.0 19.0 18.1 17.4 14.3 8.19 24.8 23.0 21.6 17.8 8.19 
11.0 17.8 15.4 14.5 12.2 5.80 22.3 20.0 18.2 12.7 5.80 
13.0 15.2 13.8 12.8 10.2 4.45 19.6 15.5 13.6 10.2 4.45 
15.0 13.8 12.2 11.1 8.51 3.54 15.6 12.7 11.2 8.51 3.54 
4CS4x060 2.0 15.4 15.4 15.4 15.3 14.8 21.6 21.5 21.5 21.3 20.2 
4.0 15.1 15.0 14.9 14.6 12.8 21.0 20.7 20.4 19.7 15.9 
6.0 14.7 14.4 14.2 13.5 10.1 19.9 19.3 18.8 17.3 10.8 
8.0 14.1 13.6 13.2 12.1 6.84 18.5 17.5 16.7 14.4 6.84 
9.0 13.7 13.1 12.6 11.3 5.90 17.8 16.5 15.5 12.9 5.90 
11.0 12.9 12.1 11.4 9.6 4.43 16.0 14.4 13.1 10.0 4.43 
13.0 11.9 10.9 10.1 7.39 3.33 14.2 12.2 10.7 7.39 3.33 
15.0 10.9 9.67 8.09 6.14 2.64 12.2 10.1 8.16 6.14 2.64 
4CS 1 .625x071 2.0 15.9 15.9 15.8 15.7 14.7 23.7 23.6 23.5 23.1 20.9 
4.0 15.5 15.3 15.1 14.5 11.7 22.6 22.2 21.8 20.5 14.6 
5.0 15.1 14.9 14.6 13.8 9.93 21.8 21.3 20.7 18.9 11.4 
7.0 14.3 13.9 13.4 12.0 5.87 19.9 19.1 18.2 15.3 5.87 
9.0 13.2 12.6 11.9 10.0 3.55 17.8 16.6 15.2 11.5 3.55 
10.0 12.6 11.9 11.2 8.98 16.6 15.1 13.6 9.71 
12.0 11.3 10.4 9.45 7.09 13.9 12.1 10.5 7.13 
13.0 10.6 9.56 8.57 6.25 12.6 10.7 9.07 6.25 
4CS1.625x057 2.0 11.8 11.7 11.7 11.6 11.0 17.1 17.0 17.0 16.8 15.6 
4.0 11.5 11.3 11.2 10.8 8.76 16.5 16.3 16.1 15.3 10.7 
5.0 11.2 11.1 10.9 10.3 7.43 16.1 15.8 15.5 14.0 8.26 
7.0 10.7 10.4 10.1 9.04 4.89 14.9 14.2 13.5 11.2 4.89 
9.0 10.0 9.57 9.06 7.55 2.96 13.2 12.2 11.3 8.50 2.96 
10.0 9.59 9.04 8.47 6.82 12.3 11.2 10.2 7.20 
12.0 8.64 7.94 7.26 5.43 10.5 9.24 7.94 5.43 
14.0 7.62 6.81 6.06 4.17 8.63 7.20 6.15 4.17 
1II-16 Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table 111- 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
4CS 1 .625x045 2.0 8.57 8.55 8.53 8.47 7.98 11.6 11.6 11.5 11.4 10.6 
4.0 8.36 8.29 8.19 7.88 6.34 11.2 11.1 10.9 10.4 7.71 
5.0 8.19 8.07 7.94 7.47 5.43 10.9 10.7 10.5 9.8 5.92 
7.0 7.76 7.54 7.30 6.54 3.55 10.2 9.9 9.49 8.15 3.55 
9.0 7.22 6.90 6.56 5.55 2.41 9.36 8.84 8.21 6.12 2.41 
10.0 6.93 6.56 6.18 4.99 8.88 8.20 7.37 5.23 
12.0 6.30 5.86 5.37 3.92 7.64 6.69 5.83 3.92 
14.0 5.68 5.06 4.47 3.08 6.32 5.35 4.53 3.08 
4CS1.625x035 2.0 5.66 5.66 5.64 5.60 5.37 8.19 8.16 8.13 8.02 7.38 
4.0 5.56 5.52 5.48 5.33 4.51 7.88 7.78 7.66 7.25 5.22 
5.0 5.48 5.42 5.35 5.13 3.81 7.66 7.50 7.33 6.45 4.12 
7.0 5.27 5.16 5.04 4.64 2.48 7.10 6.52 6.27 5.45 2.48 
9.0 5.00 4.84 4.66 3.90 1.69 6.19 5.85 5.48 4.31 1.69 
10.0 4.85 4.66 4.40 3.53 5.88 5.49 5.07 3.67 
12.0 4.51 4.15 3.80 2.78 5.22 4.73 4.11 2.78 
14.0 4.02 3.62 3.23 2.17 4.53 3.80 3.27 2.17 
3.5CS1.625x071 2.0 16.1 16.0 16.0 15.8 14.8 24.9 24.8 24.7 24.2 21.8 
3.0 15.8 15.7 15.6 15.2 13.3 24.3 24.0 23.7 22.8 18.1 
5.0 15.1 14.8 14.5 13.6 9.45 22.3 21.6 21.0 18.9 10.7 
6.0 14.6 14.2 13.8 12.5 7.78 21.1 20.2 19.3 16.7 8.01 
8.0 13.3 12.7 12.0 10.2 4.99 18.2 16.9 15.6 12.2 4.99 
9.0 12.6 11.7 11.0 9.07 3.94 16.7 15.1 13.8 10.00 3.94 
11.0 10.9 9.87 9.02 6.99 13.5 11.5 9.92 7.03 
12.0 10.0 8.93 8.07 6.06 11.8 9.76 8.40 6.06 
3.5CS1.625x057 2.0 12.3 12.3 12.2 12.1 11.3 18.0 18.0 17.9 17.6 16.3 
3.0 12.1 12.0 12.0 11.7 10.1 17.7 17.5 17.4 16.8 13.7 
5.0 11.5 11.3 11.1 10.4 7.31 16.6 16.2 15.9 14.4 7.98 
6.0 11.2 10.9 10.6 9.64 5.92 16.0 15.4 14.7 12.6 6.00 
8.0 10.2 9.76 9.31 7.98 3.79 14.0 12.9 11.9 9.25 3.79 
9.0 9.72 9.15 8.63 7.14 3.19 12.8 11.6 10.5 7.70 3.19 
11.0 8.59 7.86 7.22 5.45 10.5 9.02 7.83 5.46 
12.0 8.00 7.20 6.52 4.67 9.29 7.80 6.75 4.67 
3.5CS1.625x045 2.0 9.19 9.17 9.14 9.04 8.46 12.0 12.0 12.0 11 .9 11.2 
3.0 9.06 8.99 8.93 8.71 7.54 11.9 11.8 11.7 11 .5 10.1 
5.0 8.63 8.46 8.30 7.76 5.34 11.4 11.2 11.1 10.4 5.74 
6.0 8.34 8.12 7.89 7.18 4.29 11.1 10.9 10.6 9.40 4.30 
8.0 7.66 7.30 6.96 5.92 2.74 10.3 9.67 8.91 6.81 2.74 
9.0 7.28 6.85 6.45 5.28 2.26 9.62 8.69 7.85 5.64 2.26 
11.0 6.45 5.90 5.40 4.06 7.86 6.77 5.83 4.06 
II 12.0 6.02 5.41 4.88 3.52 7.00 5.86 5.03 3.52 I 
-
Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 111-17 
Table 111- 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
• Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None I 
3.5CS1.625x035 2.0 6.38 6.37 6.35 6.30 6.09 8.80 8.77 8.73 8.62 7.98 
3.0 6.31 6.28 6.22 6.16 5.51 8.64 8.57 8.50 8.26 6.90 
5.0 6.13 6.09 6.03 5.68 3.85 8.17 7.98 7.79 7.17 4.12 
6.0 6.05 5.92 5.78 5.25 3.05 7.85 7.59 7.32 6.49 3.06 
8.0 5.62 5.35 5.09 4.31 1.94 7.06 6.65 6.22 4.95 1.94 
9.0 5.33 5.02 4.71 3.83 1.62 6.62 6.16 5.75 4.08 1.62 
11.0 4.73 4.32 3.94 2.92 5.77 4.96 4.26 2.92 
12.0 4.41 3.96 3.56 2.53 5.14 4.29 3.67 2.53 
3CS3x135 2.0 38.2 38.0 37.8 37.3 34.6 59.3 58.9 58.6 57.6 52.7 
3.0 37.3 36.9 36.5 35.5 30.8 57.8 56.9 56.2 54.2 42.5 
4.0 36.2 35.5 34.9 33.2 26.3 55.7 54.3 53.2 49.2 32.8 
6.0 33.3 32.0 31.0 28.0 18.4 49.6 45.8 43.0 36.1 18.9 
7.0 31.7 30.0 28.6 24.9 15.3 45.1 40.6 37.3 30.4 15.3 
8.0 30.0 27.6 25.9 21.9 12.9 40.4 35.4 32.1 24.6 12.9 
10.0 25.6 22.6 20.6 16.6 10.0 31.5 25.8 22.2 16.7 10.0 
11.0 23.3 20.1 18.1 14.2 9.02 27.2 21.4 18.6 14.2 9.02 
3CS3x105 2.0 29.5 29.4 29.3 29.0 27.0 42.0 41.7 41.5 40.8 37.2 
3.0 29.0 28.8 28.6 27.8 23.6 40.9 40.3 39.8 38.4 31.6 
4.0 28.4 27.8 27.3 25.9 19.8 39.4 38.4 37.6 35.3 24.6 
6.0 26.1 24.9 23.9 21.4 13.2 35.6 33.7 32.2 28.1 13.3 
7.0 24.7 23.2 22.0 19.1 10.5 33.3 30.9 29.1 23.0 10.5 
8.0 23.1 21.3 20.0 16.9 8.66 30.9 27.9 25.0 18.5 8.66 
10.0 19.9 17.7 16.3 12.5 6.44 24.7 20.1 17.3 12.6 6.44 
11.0 18.3 16.0 14.3 10.6 5.73 21.3 16.9 14.6 10.6 5.73 
3CS3x090 2.0 23.8 23.7 23.6 23.4 22.2 34.1 33.8 33.6 33.1 30.1 
3.0 23.4 23.2 23.1 22.6 20.1 33.2 32.7 32.3 31.1 25.4 
4.0 22.9 22.6 22.3 21.5 16.9 32.0 31.1 30.5 28.6 20.6 
6.0 21.6 20.9 20.4 18.4 10.9 28.8 27.2 26.0 22.7 11 .0 
7.0 20.8 19.9 19.0 16.3 8.52 27.0 25.0 23.5 19.7 8.52 
8.0 19.9 18.4 17.2 14.3 6.92 25.0 22.7 21.0 15.7 6.92 
10.0 17.2 15.2 13.7 10.7 5.02 20.9 17.4 14.8 10.7 5.02 
11.0 15.7 13.6 12.1 8.96 4.42 18.5 14.5 12.4 8.96 4.42 
3CS3x075 2.0 18.4 18.3 18.3 18.1 17.1 28.5 28.3 28.1 27.7 23.4 
3.0 18.1 18.0 17.9 17.5 15.5 27.7 27.4 27.0 24.3 19.7 
4.0 17.8 17.5 17.3 16.6 13.7 25.0 24.3 23.8 22.2 15.8 
6.0 16.7 16.2 15.8 14.6 8.66 22.5 21.2 20.2 17.6 8.66 
7.0 16.1 15.4 14.9 13.4 6.77 21.0 19.5 18.3 15.2 6.77 
8.0 15.4 14.6 13.9 11.8 5.42 19.4 17.6 16.3 13.0 5.42 
10.0 13.9 12.7 11.5 8.63 3.82 16.3 14.1 12.4 8.63 3.82 
l 11.0 13.1 11.3 10.1 7.38 3.32 14.7 12.2 10.3 7.38 3.32 
III-18 Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 
Table III - 3 
nc = 1.80 C Nominal Axial Strength, Pn, kips Q>c = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
3CS3x060 2.0 14.5 14.4 14.4 14.2 12.6 20.7 20.6 20.5 20.1 18.4 
3.0 14.3 14.2 14.1 12.8 11.4 20.2 19.9 19.7 19.0 15.5 
4.0 14.0 12.9 12.7 12.2 9.9 19.5 19.0 18.6 17.5 11.5 
6.0 12.3 11 .9 11.6 10.6 6.69 17.7 16.7 16.0 12.9 6.69 
7.0 '11 .8 11.3 10.9 9.76 5.13 16.6 15.4 14.4 11.1 5.13 
8.0 11.3 10.7 10.2 8.86 4.11 15.4 13.9 12.0 9.45 4.11 
10.0 10.2 9.34 8.69 6.81 2.82 12.0 10.3 9.17 6.81 2.82 
11.0 9.59 8.64 7.93 5.72 2.42 10.8 9.09 8.07 5.72 2.42 
3CS 1 .625x071 2.0 14.8 14.7 14.6 14.4 13.1 22.3 22.1 22.0 21.5 18.9 
3.0 14.4 14.3 14.1 13.6 11.2 21.6 21.2 20.9 19.9 15.2 
4.0 13.9 13.7 13.4 12.6 9.21 20.6 20.0 19.5 18.0 11.1 
5.0 13.4 13.0 12.6 11.5 7.46 19.4 18.7 18.0 15.9 7.88 
7.0 11 .9 11.2 10.7 9.07 4.91 16.9 15.4 14.1 10.8 4.91 
8.0 11 .1 10.3 9.63 7.92 4.17 15.1 13.3 11.9 8.60 4.17 
9.0 10.2 9.33 8.59 6.84 3.32 13.2 11.3 9.86 7.00 3.32 
10.0 9.36 8.36 7.59 5.85 11.4 9.39 8.07 5.85 
3CS 1.625x057 2.0 11.2 11.2 11.2 11.0 10.3 16.1 16.0 16.0 15.7 14.1 
3.0 11.1 11.0 10.9 10.6 8.94 15.8 15.6 15.4 14.9 11.4 
4.0 10.8 10.6 10.5 10.0 7.30 15.3 15.0 14.7 13.5 8.54 
6.0 10.1 9.75 9.38 8.31 4.39 13.7 12.9 12.2 10.3 4.39 
7.0 9.61 9.11 8.66 7.30 3.48 12.6 11.7 10.9 8.54 3.48 
8.0 9.03 8.42 7.86 6.30 2.89 11.5 10.5 9.53 6.75 2.89 
9.0 8.41 7.65 7.00 5.37 2.47 10.5 9.17 8.01 5.45 2.47 
11.0 7.00 6.07 5.36 3.83 8.01 6.40 5.44 3.83 
3CS1 .625x045 2.0 8.21 8.17 8.14 8.03 7.44 10.7 10.6 10.6 10.4 9.56 
3.0 8.06 7.99 7.92 7.69 6.56 10.5 10.4 10.3 9.92 8.21 
4.0 7.86 7.74 7.62 7.24 5.46 10.2 10.0 9.82 9.28 6.21 
6.0 7.32 7.08 6.85 6.21 3.21 9.4 9.03 8.69 7.41 3.21 
7.0 7.00 6.70 6.43 5.52 2.49 8.91 8.44 7.91 6.29 2.49 
8.0 6.66 6.31 5.94 4.82 2.02 8.38 7.62 6.93 5.08 2.02 
9.0 6.31 5.82 5.36 4.14 1.69 7.63 6.74 6.02 4.17 1.69 
11.0 5.40 4.75 4.21 2.91 6.10 4.98 4.26 2.91 
3CS1 .625x035 2.0 5.53 5.51 5.49 5.26 5.01 7.66 7.62 7.58 7.44 6.69 
3.0 5.44 5.24 5.22 5.12 4.60 7.47 7.38 7.30 7.01 5.52 
4.0 5.19 5.14 5.09 4.93 3.91 7.22 7.07 6.92 6.44 4.33 
6.0 4.96 4.85 4.75 4.38 2.32 6.54 6.23 5.94 4.99 2.32 
7.0 4.82 4.68 4.54 3.96 1.81 6.13 5.73 5.22 4.42 1.81 
8.0 4.66 4.47 4.22 3.51 1.44 5.68 5.10 4.79 3.68 1.44 I! 
3.02 1.1 9 
II 
9.0 4.47 4.15 3.88 3.00 1.19 5.11 4.70 4.27 
11.0 3.92 3.50 3.09 2.16 4.34 3.66 3.13 2.16 
Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 111-19 
Table III - 3 
Q c = 1.80 C Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections With Lips 
Fy = 33 ksi 
i Fy = 55 ksi Section KLx Bracing (KLy = KLt) i Bracing (KLy= KLt) tt. I 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None I I Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
2.5CS1.625x071 2.0 13.5 13.4 13.3 13.0 11.6 I 21.1 20.9 20.7 20.0 16.8 
3.0 13.1 12.8 12.7 12.1 9.56 20.0 19.5 19.1 17.8 12.4 
4.0 12.5 12.1 11.8 10.9 7.61 18.6 17.9 17.2 15.5 8.48 
5.0 11.7 11.2 10.8 9.66 5.98 17.0 16.0 15.3 12.7 6.05 
6.0 10.9 10.3 9.73 8.36 4.71 15.4 14.0 12.8 9.95 4.71 
7.0 10.0 9.21 8.60 7.12 3.89 13.4 11.7 10.4 7.64 3.89 
8.0 9.05 8.15 7.48 5.97 3.33 11.4 9.53 8.25 6.04 3.33 
9.0 8.08 7.10 6.41 4.94 2.93 9.40 7.60 6.59 4.94 2.93 
2.5CS1.625x057 2.0 10.8 10.7 10.6 10.4 9.46 15.6 15.5 15.4 15.1 13.0 
3.0 10.5 10.3 10.2 9.83 7.69 
I 
15.1 14.9 14.7 13.9 9.83 
4.0 10.1 9.86 9.67 8.94 5.94 I 14.5 13.9 13.4 12.0 6.44 
5.0 9.63 9.23 8.87 7.86 4.45 13.4 12.6 11.9 10.11 4.45 
6.0 8.97 8.43 7.97 6.76 3.37 12.1 11.1 10.3 7.97 3.37 
7.0 8.24 7.57 7.04 5.69 2.71 10.8 9.63 8.53 6.03 2.71 
8.0 7.47 6.70 6.11 4.70 2.27 9.42 7.86 6.72 4.73 2.27 
9.0 6.68 5.84 5.21 3.83 1.97 7.82 6.26 5.35 3.83 1.97 
2.5CS1.625x045 2.0 7.97 7.92 7.88 7.75 7.03 I 10.4 10.3 10.3 10.1 9.04 ! 
3.0 7.76 7.66 7.57 7.30 6.01 10.1 9.96 9.84 9.43 7.18 
4.0 7.49 7.32 7.17 6.74 4.58 9.71 9.47 9.26 8.60 4.88 
5.0 7.15 6.92 6.71 6.13 3.29 9.22 8.87 8.56 7.46 3.29 
6.0 6.77 6.47 6.21 5.35 2.42 8.66 8.18 7.65 6.14 2.42 
7.0 6.37 6.01 5.61 4.47 1.90 8.02 7.17 6.51 4.70 1.90 
8.0 5.95 5.37 4.87 3.65 1.55 7.06 6.17 5.36 3.65 1.55 
9.0 5.38 4.68 4.15 2.94 1.32 6.17 5.03 4.26 2.94 1.32 
2.5CS1.625x035 2.0 5.44 5.41 5.39 5.16 4.85 7.54 7.49 7.43 7.26 6.34 
3.0 5.17 5.12 5.09 4.97 4.29 7.29 7.16 7.05 6.69 4.89 
4.0 5.05 4.98 4.91 4.71 3.42 6.94 6.73 6.54 5.96 3.58 
5.0 4.91 4.80 4.70 4.40 2.46 6.51 6.20 5.93 5.03 2.46 
6.0 4.73 4.59 4.45 3.90 1.78 6.02 5.61 5.12 4.39 1.78 
7.0 4.54 4.31 4.06 3.37 1.36 5.49 4.92 4.61 3.52 1.36 
8.0 4.27 3.93 3.67 2.79 1.09 4.88 4.44 3.92 2.79 1.09 
9.0 3.94 3.55 3.18 2.25 0.906 4.45 3.76 3.25 2.25 0.906 
1.5CS1.625x071 1.0 11.3 11.3 11.2 11.1 10.4 17.6 17.5 17.4 17.1 15.5 
1.5 11.1 10.9 10.9 10.6 9.25 17.0 16.7 16.5 15.9 13.1 
2.0 10.7 10.5 10.4 9.92 7.96 16.2 15.8 15.4 14.4 10.4 
3.0 9.80 9.41 9.11 8.31 5.58 14.2 13.4 12.9 11.1 5.84 
3.5 9.24 8.75 8.38 7.44 4.62 13.1 12.2 11.3 9.27 4.63 
4.0 8.64 8.05 7.62 6.58 3.83 11.9 10.6 9.65 7.54 3.83 
4.5 8.01 7.33 6.85 5.74 3.27 10.5 9.04 8.08 6.08 3.27 
5.5 6.69 5.89 5.36 4.24 2.54 7.77 6.30 5.52 4.24 2.54 
1II-20 Column Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table III - 3 
Qc = 1.80 C Nominal Axial Strength, Pn, kips ~c = 0.85 C-Sections With Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy= KLt) ft. 
Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
1.5CS1.625x057 1.0 8.99 8.95 8.93 8.84 8.41 13.5 13.5 13.4 13.3 12.4 
1.5 8.83 8.76 8.70 8.52 7.58 13.2 13.1 13.0 12.6 10.3 
2.0 8.62 8.49 8.40 8.13 6.47 12.8 12.6 12.4 11.6 8.26 
3.0 8.07 7.77 7.52 6.83 4.33 11.4 10.7 10.2 8.87 4.45 
3.5 7.64 7.24 6.93 6.10 3.45 10.4 9.62 9.04 7.59 3.45 
4.0 7.16 6.67 6.30 5.37 2.80 9.47 8.59 8.00 6.13 2.80 
5.0 6.12 5.48 5.04 4.00 2.03 7.62 6.35 5.50 4.03 2.03 
5.5 5.58 4.90 4.43 3.38 1.78 6.54 5.27 4.57 3.38 1.78 
1.5CS1.625x045 1.0 7.00 6.97 6.95 6.88 6.49 9.55 9.50 9.46 9.35 8.74 
1.5 6.87 6.81 6.75 6.60 5.84 9.33 9.23 9.15 8.91 7.71 
2.0 6.68 6.58 6.49 6.24 5.12 9.04 8.87 8.74 8.34 6.29 
3.0 6.19 5.98 5.82 5.37 3.33 8.27 7.94 7.68 6.91 3.38 
3.5 5.90 5.64 5.44 4.89 2.58 7.81 7.39 7.06 5.84 2.58 
4.0 5.60 5.29 5.07 4.29 2.06 7.32 6.71 6.16 4.89 2.06 
5.0 4.94 4.43 4.06 3.16 1.44 5.94 5.13 4.45 3.18 1.44 I 5.5 4.52 3.96 3.57 2.66 1.24 5.26 4.28 3.69 2.66 1.24 
1.5CS1.625x035 1.0 5.05 5.03 5.02 4.97 4.62 7.25 7.22 7.19 7.10 6.60 
1.5 4.97 4.76 4.74 4.67 4.30 7.08 7.00 6.94 6.74 5.71 
2.0 4.71 4.66 4.62 4.50 3.87 6.85 6.71 6.60 6.26 4.51 
3.0 4.48 4.37 4.29 4.05 2.56 6.21 5.93 5.70 5.01 2.59 
3.5 4.33 4.20 4.09 3.71 1.95 5.82 5.43 5.13 4.31 1.95 
4.0 4.18 4.01 3.84 3.33 1.53 5.37 4.74 4.48 3.71 1.53 
5.0 3.76 3.44 3.21 2.48 1.04 4.37 3.92 3.45 2.49 1.04 
5.5 3.49 3.14 2.82 2.07 0.886 4.01 3.36 2.93 2.07 0.886 
Column Design for use with the 1996 AISI Cold-Formed Steel Specification 111-21 
Table 111- 4 
Nominal Axial Strength, Pn, kips 
nc = 1.80 [ <l>c = 0.85 C-Sections Without Lips 
Fy = 33 ksi II Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy = KLt) 
ft. Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
12CU1.25x071 5.0 14.6 13.4 12.4 9.86 20.2 17.5 15.5 10.8 
9.0 14.4 10.7 8.22 4.67 19.7 12.3 8.29 4.67 
13.0 14.1 7.40 4.93 18.9 7.40 4.93 
17.0 13.6 5.06 17.9 5.06 
21.0 13.0 16.6 
25.0 12.3 15.3 
29.0 11.5 13.8 
33.0 10.6 12.2 
12CU1.25x057 5.0 10.0 9.18 8.56 6.98 13.7 11.9 10.6 7.58 
9.0 9.83 7.49 5.87 3.33 13.3 8.51 5.93 3.33 
13.0 9.59 5.29 3.51 112.8 5.29 3.51 
17.0 9.28 3.61 12.1 3.61 j 
21.0 8.90 11.3 
25.0 8.46 10.4 
29.0 7.97 9.43 
33.0 7.44 8.41 
10CU1.25x071 4.0 14.5 13.8 13.3 11.7 5.89 20.0 18.6 17.4 14.3 5.89 
7.0 14.3 12.4 10.7 7.14 19.6 15.5 12.5 7.14 
11.0 13.9 9.45 6.68 18.7 10.1 6.68 
14.0 13.5 7.14 4.70 17.8 7.14 4.70 
18.0 12.8 4.96 16.4 4.96 
21.0 12.2 15.2 
25.0 11.2 13.5 
28.0 10.5 12.1 
10CU1.25x057 4.0 9.91 9.47 9.10 8.12 4.23 13.6 12.6 11.8 9.80 4.23 
7.0 9.78 8.52 7.53 5.13 13.3 10.6 8.66 5.13 
11.0 9.52 6.74 4.80 12.7 7.20 4.80 
14.0 9.24 5.13 3.38 12.1 5.13 3.38 
18.0 8.80 3.57 11.2 3.57 
21.0 8.41 10.4 
25.0 7.83 9.24 
28.0 7.36 8.34 
10CU1.25x045 4.0 6.54 6.26 6.02 5.39 2.95 8.97 8.33 7.81 6.49 2.95 
8.0 6.43 5.39 4.60 2.95 8.70 6.49 5.00 2.95 
11.0 6.29 4.50 3.33 8.39 4.81 3.33 
15.0 6.05 3.23 7.86 3.23 
18.0 5.82 2.49 7.39 2.49 
22.0 5.48 6.68 
25.0 5.20 6.12 
29.0 4.79 5.34 
III-22 Column Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table III - 4 
nc = 1.80 [ Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections Without Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy = KLt) 
ft. Cont. 114 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
8CU 1.25x071 3.0 14.3 14.0 13.7 12.9 9.06 19.8 19.2 18.5 16.9 9.65 
6.0 14.1 12.9 11.8 9.06 19.3 16.9 14.7 9.65 
9.0 13.7 11.2 9.06 5.26 18.5 13.5 9.65 5.26 
12.0 13.2 9.06 6.28 17.4 9.65 6.28 
15.0 12.5 6.92 4.48 16.1 6.92 4.48 
18.0 11.7 5.26 14.6 5.26 
21.0 10.8 13.0 
23.0 10.2 11.8 
8CU1.25x057 3.0 9.79 9.60 9.41 8.90 6.52 13.5 13.1 12.7 11.5 6.92 
6.0 9.64 8.90 8.22 6.52 13.2 11.5 10.1 6.92 
9.0 9.40 7.83 6.52 3.82 12.6 9.35 6.92 3.82 
12.0 9.06 6.52 4.56 11.9 6.92 4.56 
15.0 8.64 5.01 3.26 11.0 5.01 3.26 
18.0 8.16 3.82 10.0 3.82 
21.0 7.61 8.93 
23.0 7.23 8.20 
8CU 1 .25x045 3.0 6.49 6.36 6.24 5.91 4.39 8.92 8.64 8.37 7.64 4.66 
6.0 6.39 5.91 . 5.47 4.39 8.70 7.64 6.73 4.66 
9.0 6.23 5.22 4.39 2.70 8.34 6.23 4.66 2.70 
12.0 6.01 4.39 3.20 7.86 4.66 3.20 
15.0 5.74 3.49 2.31 7.28 3.49 2.31 
18.0 5.43 2.70 6.63 2.70 
21.0 5.08 5.94 
23.0 4.83 5.46 
8CU 1.25x035 3.0 4.19 4.11 4.03 3.82 2.86 5.76 5.58 5.41 4.94 3.04 
6.0 4.12 3.82 3.54 2.86 5.62 4.94 4.36 3.04 
9.0 4.02 3.38 2.86 1.81 5.38 . 4.04 3.04 1.81 
12.0 3.88 2.86 2.11 5.07 3.04 2.11 
15.0 3.71 2.29 1.58 4.70 2.29 1.58 
18.0 3.51 1.81 4.28 1.81 
21.0 3.28 1.48 3.84 1.48 
24.0 3.04 3.38 
-
5.5CU1.25x071 3.0 13.6 13.5 13.2 12.6 9.34 19.1 18.7 18.2 16.8 10.6 
5.0 13.4 13.0 12.3 10.6 4.57 18.5 17.6 16.3 12.9 4.57 
7.0 13.0 12.2 11.0 8.05 17.7 16.0 13.7 8.39 
9.0 12.5 11.2 9.34 5.58 16.6 14.0 10.6 5.58 
11.0 11.9 9.97 7.62 3.77 15.3 11.9 7.79 3.77 
13.0 11.1 8.70 5.94 13.9 9.43 5.94 
15.0 10.3 7.40 4.57 12.4 7.51 4.57 
17.0 9.43 6.14 3.55 10.8 6.14 3.55 
-
~--
Column Design for use with the 1996 AISI Cold-Formed Steel Specification 111-23 
Table 111- 4 
Q c = 1.80 [ Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections Without Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy = KLt) 
ft. Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
5.5CU1.25x057 3.0 9.47 9.37 9.22 8.79 6.77 13.1 12.9 12.6 11.6 7.60 
5.0 9.30 9.02 8.62 7.54 3.53 12.7 12.1 11.3 9.06 3.53 
7.0 9.05 8.52 7.78 5.95 12.2 11.1 9.5 6.19 
9.0 8.72 7.90 6.77 4.18 11.5 9.76 7.60 4.18 
11.0 8.32 7.17 5.64 3.02 10.6 8.33 5.77 3.02 
13.0 7.86 6.37 4.43 9.69 6.86 4.43 
15.0 7.36 5.48 3.53 8.70 5.57 3.53 
17.0 6.82 4.57 2.87 7.68 4.57 2.87 
5.5CU 1 .25x045 3.0 6.33 6.27 6.17 5.89 4.60 8.74 8.59 8.36 7.76 5.15 
5.0 6.22 6.04 5.78 5.09 2.56 8.48 8.09 7.51 6.09 2.56 
7.0 6.06 5.72 5.24 4.07 8.11 7.39 6.39 4.23 
9.0 5.84 5.32 4.60 3.01 7.64 6.54 5.15 3.01 
11.0 5.58 4.85 3.89 2.20 7.10 5.62 3.98 2.20 
13.0 5.29 4.34 3.17 6.49 4.67 3.17 
15.0 4.96 3.80 2.56 5.84 3.86 2.56 
17.0 4.61 3.25 2.10 5.18 3.25 2.10 
5.5CU 1 .25x035 3.0 4.09 4.04 3.98 3.81 2.99 5.63 5.53 5.39 5.00 3.35 
5.0 4.01 3.90 3.74 3.30 1.74 5.46 5.21 4.85 3.95 1.74 
7.0 3.91 3.70 3.40 2.66 5.23 4.77 4.14 2.77 
9.0 3.77 3.45 2.99 2.00 4.93 4.23 3.35 2.00 
11.0 3.61 3.15 2.55 1.52 4.58 3.65 2.61 1.52 
13.0 3.42 2.83 2.10 4.19 3.05 2.10 
15.0 3.22 2.49 1.74 3.78 2.54 1.74 
17.0 3.00 2.15 1.46 3.36 2.15 1.46 
4CU 1.25x071 2.0 13.0 12.9 12.8 12.6 11.3 18.5 18.4 18.2 17.7 14.8 
4.0 12.6 12.4 12.2 11.3 6.48 17.7 17.3 16.8 14.8 6.61 
5.0 12.4 12.1 11.7 10.3 4.23 17.1 16.6 15.8 13.0 4.23 
7.0 11.7 11.3 10.6 7.82 15.7 14.8 13.5 8.63 
8.0 11.3 10.7 9.91 6.48 14.9 13.8 12.3 6.61 
10.0 10.3 9.56 8.28 4.23 13.0 11.7 9.40 4.23 
11.0 9.77 8.94 7.36 3.50 12.1 10.5 7.87 3.50 
13.0 8.58 7.53 5.63 9.89 8.13 5.63 
4CU 1.25x057 2.0 9.11 9.08 9.03 8.87 8.01 12.8 12.7 12.6 12.3 10.4 
4.0 8.88 8.77 8.59 8.01 5.14 12.3 12.0 11.6 10.4 5.24 
5.0 8.72 8.55 8.28 7.40 3.45 11.9 11.5 11.0 9.15 3.45 
7.0 8.28 7.99 7.54 5.97 11.0 10.3 9.42 6.44 
8.0 8.02 7.65 7.12 5.14 10.4 9.66 8.59 5.24 
10.0 7.42 6.92 6.22 3.45 9.20 8.21 6.90 3.45 
~ 11.0 
7.09 6.53 5.71 2.85 8.54 7.47 6.01 2.85 
i 13.0 6.38 5.71 4.57 7.19 6.02 4.57 
111-24 Column Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table 111- 4 
Q c = 1.80 [ Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections Without Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy = KLt) 
ft. Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
4CU 1 .25x045 2.0 6.15 6.13 6.10 6.00 5.44 8.56 8.52 8.45 8.22 7.00 
4.0 6.00 5.93 5.82 5.44 3.63 8.23 8.07 7.81 7.00 3.70 
5.0 5.90 5.79 5.61 5.05 2.67 7.99 7.75 7.37 6.20 2.67 
7.0 5.62 5.42 5.12 4.13 7.38 6.96 6.33 4.45 
8.0 5.45 5.20 4.83 3.63 7.02 6.51 5.77 3.70 
10.0 5.06 4.72 4.24 2.67 6.22 5.55 4.64 2.67 
11.0 4.85 4.46 3.93 2.27 5.80 5.06 4.11 2.27 
13.0 4.39 3.92 3.30 4.93 4.11 3.30 
4CU 1.25x035 2.0 4.03 4.01 3.99 3.93 3.57 5.59 5.56 5.52 5.36 4.58 
4.0 3.93 3.89 3.81 3.57 2.42 5.37 5.27 5.10 4.57 2.47 
5.0 3.86 3.79 3.68 3.32 1.82 5.22 5.06 4.81 4.06 1.82 
7.0 3.69 3.56 3.35 2.74 4.82 4.55 4.12 2.95 
8.0 3.58 3.42 3.17 2.42 4.59 4.25 3.75 2.47 
10.0 3.33 3.10 2.77 1.82 4.08 3.63 3.00 1.82 
11.0 3.20 2.94 2.56 1.59 3.81 3.31 2.66 1.59 
13.0 2.90 2.59 2.16 3.25 2.69 2.16 
3.5CU1.25x071 2.0 12.5 12.5 12.4 12.1 10.9 18.0 17.9 17.7 17.2 14.6 
3.0 12.3 12.2 12.1 11.6 8.61 17.6 17.3 17.0 15.9 10.7 
5.0 11.8 11.5 11.1 9.81 4.05 16.3 15.7 15.0 12.7 4.05 
6.0 11.4 11.0 10.4 8.61 2.81 15.5 14.7 13.7 10.7 2.81 
7.0 10.9 10.4 9.66 7.36 14.6 13.6 12.5 8.27 
9.0 9.67 8.90 8.07 5.00 12.5 11.2 9.66 5.00 
10.0 8.98 8.14 7.31 4.05 11.4 9.80 8.17 4.05 
12.0 7.56 6.66 5.90 2.81 8.67 7.07 6.01 2.81 
3.5CU1.25x057 2.0 8.90 8.87 8.82 8.65 7.82 12.6 12.5 12.4 12.0 10.2 
3.0 8.78 8.71 8.60 8.26 6.62 12.3 12.1 11.9 11.1 7.81 
5.0 8.40 8.22 7.96 7.17 3.33 11.5 11.1 10.5 8.89 3.33 
6.0 8.15 7.90 7.56 6.56 2.31 10.9 10.4 9.7 7.71 2.31 
7.0 7.86 7.54 7.12 5.90 10.3 9.6 8.79 6.47 
9.0 7.19 6.73 6.17 4.11 8.93 8.02 6.98 4.11 
10.0 6.81 6.29 5.69 3.33 8.18 7.19 6.10 3.33 
12.0 6.00 5.32 4.52 2.31 6.66 5.60 4.56 2.31 
-3.5CU 1.25x045 2.0 6.06 6.03 6.00 5.89 5.33 8.46 8.41 8.34 8.09 6.87 
3.0 5.98 5.93 5.86 5.63 4.55 8.28 8.18 8.02 7.51 5.31 
5.0 5.73 5.61 5.44 4.89 2.67 7.74 7.47 7.10 5.97 2.67 
6.0 5.57 5.40 5.17 4.46 1.85 7.39 7.03 6.53 5.14 1.85 
7.0 5.39 5.17 4.87 4.03 6.99 6.53 5.93 4.33 
9.0 4.95 4.63 4.23 3.14 6.09 5.47 4.71 3.14 
10.0 4.71 4.34 3.89 2.67 5.61 4.92 4.11 2.67 
12.0 4.18 3.74 3.23 1.85 4.62 3.87 3.23 1.85 
Column Design for use with the 1996 AISI Cold-Formed Steel Specification 111-25 
Table 111- 4 
nc = 1.80 [ Nominal Axial Strength, Pn, kips <Pc = 0.85 C-Sections Without Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy = KLt> 
ft. Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 113 Pt. 1/2 Pt. None 
3.5CU1.25x035 2.0 3.96 3.94 3.92 3.85 3.49 5.50 5.47 5.42 5.26 4.48 
3.0 3.91 3.88 3.83 3.69 2.98 5.38 5.32 5.22 4.89 3.44 
5.0 3.75 3.68 3.56 3.21 1.83 5.04 4.87 4.62 3.89 1.83 
6.0 3.65 3.54 3.39 2.93 1.40 4.81 4.58 4.26 3.34 1.40 
7.0 3.53 3.39 3.20 2.63 4.56 4.27 3.87 2.80 
9.0 3.26 3.05 2.78 2.05 3.99 3.58 3.07 2.05 
10.0 3.10 2.87 2.56 1.80 3.68 3.23 2.69 1.80 
12.0 2.77 2.48 2.12 1.40 3.06 2.56 2.12 1.40 
3CU 1.25x071 2.0 11.6 11.6 11.5 11.2 9.83 17.3 17.2 17.0 16.4 13.7 
3.0 11.4 11.2 11.0 10.5 8.02 16.8 16.5 16.1 15.0 10.1 
4.0 11.0 10.8 10.5 9.61 5.82 16.1 15.6 15.0 13.2 6.06 
5.0 10.6 10.2 9.83 8.62 3.88 15.2 14.5 13.7 11.3 3.88 
7.0 9.42 8.81 8.21 6.79 12.8 11.6 10.5 7.69 
8.0 8.72 8.02 7.39 5.82 11.5 10.1 8.86 6.06 
9.0 7.99 7.23 6.59 4.79 10.1 8.54 7.31 4.79 
10.0 7.24 6.45 5.84 3.88 8.57 7.05 6.09 3.88 
3CU 1 .25x057 2.0 8.57 8.53 8.48 8.30 7.41 12.2 12.1 12.0 11.6 9.67 
3.0 8.41 8.32 8.21 7.85 6.13 11.8 11.6 11.4 10.6 7.38 
4.0 8.19 8.05 7.86 7.28 4.73 11.4 11.0 10.6 9.41 4.94 
5.0 7.92 7.70 7.44 6.59 3.16 10.8 10.3 9.75 8.15 3.16 
7.0 7.24 6.83 6.36 5.15 9.32 8.56 7.76 5.56 
8.0 6.79 6.28 5.76 4.46 8.50 7.62 6.70 4.57 
9.0 6.29 5.71 5.16 3.83 7.65 6.61 5.58 3.83 
10.0 5.77 5.14 4.55 3.16 6.73 5.56 4.69 3.16 
3CU 1.25x045 2.0 5.88 5.85 5.82 5.70 5.10 8.25 8.19 8.12 7.85 6.55 
3.0 5.78 5.72 5.65 5.40 4.28 8.02 7.89 7.73 7.19 4.92 
4.0 5.64 5.54 5.42 5.02 3.44 7.71 7.50 7.23 6.38 3.52 
5.0 5.46 5.32 5.14 4.58 2.52 7.33 7.01 6.64 5.51 2.52 
7.0 5.02 4.77 4.48 3.66 6.39 5.87 5.30 3.83 
8.0 4.76 4.45 4.11 3.17 5.86 5.26 4.62 3.19 
9.0 4.48 4.12 3.74 2.69 5.30 4.63 3.95 2.69 
10.0 4.18 3.78 3.36 2.31 4.74 4.01 3.42 2.31 
3CU1.25x035 2.0 3.90 3.88 3.86 3.78 3.39 I 5.43 5.39 5.34 5.17 4.31 
3.0 3.83 3.79 3.75 3.59 2.83 5.28 5.20 5.09 4.74 3.21 
4.0 3.74 3.68 3.60 3.34 2.24 5.08 4.94 4.77 4.21 2.27 
5.0 3.63 3.54 3.42 3.05 1.73 4.83 4.63 4.38 3.62 1.73 
7.0 3.35 3.18 2.99 2.42 4.23 3.89 3.51 2.50 
8.0 3.18 2.98 2.75 2.10 3.89 3.49 3.06 2.11 
I 
9.0 3.00 2.77 2.50 1.81 3.54 3.09 2.62 1.81 
10.0 2.81 2.54 2.25 1.59 3.18 2.69 2.28 1.59 
III-26 Column Design for use with the 1996 AISI Cold-Formed Steel Specification 
Table III - 4 
Q c = 1.80 [ Nominal Axial Strength, Pn, kips <Pc = 0.85 
C-Sections Without Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy = KLt) 
ft. Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None Cont. 1/4 Pt. 1/3 Pt. 1/2 Pt. None 
2.5CU1.25x071 2.0 10.4 10.3 10.2 9.93 8.58 116.0 15.8 15.5 14.8 11.7 
3.0 10.1 9.90 9.72 9.16 6.99 15.2 
I 
: 14.8 14.3 13.0 8.65 
4.0 9.64 9.36 9.08 8.22 5.40 14.1 13.4 12.8 11.0 5.69 
5.0 9.11 8.70 8.28 7.23 3.64 12.9 12.0 11.1 9.11 3.64 
6.0 8.46 7.89 7.41 6.30 2.53 11.5 10.4 9.46 7.28 2.53 
7.0 7.71 7.05 6.54 5.46 10.0 8.78 7.75 5.79 
8.0 6.93 6.21 5.70 4.72 8.52 7.10 6.16 4.78 
9.0 6.14 5.39 4.91 4.05 6.96 5.67 5.01 4.05 
2.5CU 1.25x057 2.0 7.93 7.87 7.80 7.58 6.50 11.7 I 11.5 11.4 11.0 8.73 
3.0 7.69 7.57 7.42 6.98 5.24 11.2 10.9 10.6 9.76 6.10 
4.0 7.37 7.16 6.93 6.27 4.13 10.5 10.1 9.67 8.22 4.27 
! 5.0 6.98 6.67 6.36 5.53 2.98 9.75 9.11 8.43 6.67 2.98 
6.0 6.52 6.12 5.75 4.81 2.07 8.78 7.91 7.13 5.29 2.07 
7.0 6.02 5.54 5.12 4.10 7.70 6.71 5.88 4.22 
8.0 5.49 4.94 4.50 3.44 6.60 5.55 4.77 3.44 
9.0 4.94 4.33 3.84 2.89 5.54 4.54 3.89 2.89 
2.5CU1.25x045 2.0 5.66 5.62 5.58 5.45 4.76 8.00 7.92 7.83 7.53 6.06 
3.0 5.52 5.44 5.36 5.08 3.77 7.68 7.51 7.33 6.73 4.29 
4.0 5.33 5.20 5.06 4.62 2.86 7.26 6.98 6.68 5.78 2.88 
5.0 5.09 4.90 4.70 4.05 2.17 6..75 6.35 5.94 4.79 2.17 
6.0 4.81 4.56 4.27 3.48 1.66 6.17 5.65 5.15 3.74 1.66 
7.0 4.50 4.13 3.79 2.94 5.54 4.92 4.32 2.97 
8.0 4.11 3.69 3.31 2.45 4.88 4.12 3.48 2.45 
9.0 3.71 3.24 2.86 2.06 4.17 3.38 2.88 2.06 
2.5CU1.25x035 2.0 3.76 3.74 3.72 3.63 3.18 5.26 
I 
5.21 5.15 4.96 3.99 
I 
3.0 3.68 3.63 3.57 3.39 2.56 5.06 I 4.95 4.83 4.44 2.79 
4.0 3.55 3.47 3.38 3.09 1.92 4.79 4.61 4.41 3.81 1.92 
~ 
5.0 3.41 3.28 3.15 2.75 1.40 4.47 4.21 3.93 3.15 1.40 
i 
6.0 3.23 3.07 2.89 2.40 1 .11 I 4.110 3.76 3.42 2.52 1.11 
7.0 3.03 2.83 2.62 2.04 3.70 3.29 2.90 2.05 
8.0 2.82 2.57 2.33 1.67 3.28 2.82 2.42 1.67 
9.0 2.60 2.31 2.04 1.40 2.86 2.39 2.05 1.40 
1.5CU1.25x071 1.0 8.19 8.14 8.10 7.97 7.37 12.4 12.3 12.2 11.9 10.5 
1.5 8.03 7.93 7.84 7.59 6.49 12.0 11.8 11.6 11.0 8.64 
2.0 7.82 7.65 7.50 7.11 5.62 11.5 11.1 10.8 9.88 7.05 
3.0 7.23 6.89 6.60 5.91 4.33 ' 10.2 9.4 8.85 7.57 4.61 
3.5 6.87 6.38 6.04 5.31 3.86 9.35 8.44 7.81 6.42 3.95 
4.0 6.41 5.85 5.48 4.74 3.47 8.50 7.46 6.78 5.30 3.48 
4.5 5.94 5.31 4.92 4.21 3.12 
I 
7.62 6.43 5.67 4.42 3.12 
5.5 4.95 4.25 3.88 3.27 2.48 I 5.72 4.48 3.97 3.27 2.48 
Column Design for use with the 1996 AISI Cold-Fonned Steel Specification 1II- 27 
Table 111- 4 
nc = 1.80 [ Nominal Axial Strength, Pn, kips <i>c = 0.85 
C-Sections Without Lips 
Fy = 33 ksi Fy = 55 ksi 
Section KLx Bracing (KLy = KLt) Bracing (KLy = KLt) 
ft. Cont. 1/4 Pt. 113 Pt. 1/2 Pt. None Cont. 114 Pt. 1/3 Pt. 1/2 Pt. None 
1.5CU1.25x057 1.0 6.16 6.12 6.09 6.00 5.53 9.30 9.22 9.14 8.91 7.78 
1.5 6.04 5.97 5.91 5.71 4.86 9.02 8.84 8.68 8.21 6.29 
2.0 5.89 5.76 5.66 5.35 4.19 8.64 8.34 8.08 7.37 4.92 
3.0 5.47 5.22 5.02 4.51 3.04 7.64 7.07 6.63 5.55 3.08 
3.5 5.21 4.89 4.65 4.07 2.58 7.06 6.36 5.85 4.70 2.58 
4.0 4.93 4.55 4.27 3.65 2.25 6.43 5.64 5.08 3.92 2.25 
5.0 4.31 3.82 3.50 2.78 1.81 5.15 4.22 3.68 2.79 1.81 
5.5 3.98 3.44 3.07 2.40 1.66 4.52 3.61 3.12 2.40 1.66 
1.5CU1.25x045 1.0 4.50 4.47 4.45 4.38 4.03 6.80 6.74 6.68 6.52 5.67 
1.5 4.41 4.36 4.32 4.17 3.52 6.60 6.46 6.35 6.00 4.51 
2.0 4.30 4.21 4.14 3.91 2.97 6.32 6.10 5.91 5.37 3.41 
3.0 4.00 3.82 3.67 3.27 2.04 5.60 5.18 4.84 3.99 2.04 
3.5 3.82 3.59 3.40 2.93 1.72 5.17 4.66 4.27 3.34 1.72 
4.0 3.62 3.34 3.12 2.61 1.46 4.73 4.13 3.70 2.75 1.46 
5.0 3.18 2.81 2.55 2.00 1.14 3.80 3.10 2.67 2.00 1.14 
5.5 2.94 2.54 2.28 1.75 1.04 3.35 2.66 2.30 1.75 1.04 
1.5CU1.25x035 1.0 3.20 3.18 3.17 3.12 2.86 4.86 4.82 4.78 4.66 4.03 
1.5 3.14 3.11 3.07 2.97 2.48 4.72 4.62 4.54 4.29 3.16 
2.0 3.06 3.00 2.94 2.78 2.06 4.52 4.36 4.22 3.83 2.31 
3.0 2.85 2.72 2.61 2.31 1.32 4.00 3.70 3.45 2.80 1.32 
3.5 2.72 2.56 2.42 2.06 1.08 3.70 3.33 3.03 2.32 1.08 
4.0 2.58 2.38 2.22 1.81 0.924 3.38 2.95 2.62 1.89 0.924 
5.0 2.27 2.00 1.80 1.36 0.712 2.72 2.21 1.88 1.36 0.712 
5.5 2.10 1.81 1.61 1.18 0.637 2.40 1.89 1.62 1.1 8 0.637 
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SECTION 2 - EXAMPLE PROBLEMS 
Example 111-1: Braced C-Section With Lips - Bending And Compression 
g.Oin. 
Given: 



















3. Section fully braced against lateral and torsional buckling. 
4. Kx = 1.0; Lx = 240 in. 
Required: 
1. Check the section using the ASD approach. 
2. Check the section using the LRFD approach. 
Solution: 
Refer to Example 1-1 for derivation of geometric parameters. 
Refer to Example 1-8 for calculation of effective section properties. 
1. Compute nominal flexural capacity, Mn 
Since the section is not subject to flexur~l buckling, 
Mn = SeFy 
where Se is calculated with the extreme fibers at Fy 
From Table II-lor Example 1-8, Se = 1.75 in.3 
Mn = (1.75)(55) 
= 96.3 kip-in. 
2. Compute nominal axial capacity, P n 
Since the member can only buckle perpendicular to the x-axis, 
31;2E 
Fe = 2 (KLx/rx) 
PI = 0.5 kips (dead) 
= 2.0 kips (live) 
P2 = 0.1 kips (dead) 
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rx = fi. 
From Table I-lor Example 1-1 
Ix = 11.05 in.4 
A =0.917 in.2 





= 0.951 < 1.5, therefore 
Fo = (0.658)..~)Fy 
= [0.658(0,951)2]55 = 37.67 ksi 
In Example 1-8, the effective area at f = 37.67 ksi was calculated as 
Ae = 0.469 in.2 
Po = AeFo 
= (0.469)(37.67) = 17.7 kips 
3. Compute required strength. 
P2L M =4 
~A • (0.10)(240.0) 6 0 k' . J.uaead 4 =. lp-m. 
M (0.5)(240.0) 30 0 k' . live = 4 =. lp-m. 
ASD 
M = Mdead + Mlive = 6.0 + 30.0 = 36.0 kip-in. 
P = P dead + Plive = 0.5 + 2.0 = 2.5 kips 
LRFD 
Mu = 1.2Mdead + 1.6Mlive = (1.2)(6.0) + (1.6)(30.0) = 55.2 kip-in. 
Pu = 1.2P dead + 1.6Plive = (1.2)(0.5) + (1.6)(2.0) = 3.80 kip-in. 
4. Check combined compression and bending using ASD (Section CS.2.1) 
CcP (1.80)(2.5) 0 254 0 15 h & P n = 17.7 =. >., t erelore 
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QeP + QbCmxMx + QbCmyMy ~ 1.0 
P n Mnxax Mnyuy 
Crnx = 1.0 





= n;2(29500)(11.05) = 55.9 kips 
[( 1.0)(240.0)]2 
= 1 _ (1.80)(2.5) 
55.9 
= 0.919 
My = 0.0 
(1.80)(2.5) + (1.67)( 1.0)(36.0) = 0 934 < lOOK 
17.7 (96.3)(0.919) . -. 
np QM QM _~~e_ + _b_x + b Y ~ 1.0 
Pno Mnx Mny 
From Table III-I, Pno = 22.6 kips 
(l.~~.~.5) + (1.6~~~~6.0) = 0.823 ~ 1.0 OK 
S. Check combined compression and bending using LRFD (Section CS.2.2) 
<t>~p n = (0. 8~)~~ 7.7) = 0.253 > 0.15, therefore 
use Equations C5.2.2-1 and C5.2.2-2 
~ + CrnxMux + CmyMuy < 1 0 
<PcP n <PbMnxax <PbMnyay - . 
Crnx = 1.0 
PEx = 55.9 kips (computed in part 4 above) 
= 1 _ 3.80 
55.9 
= 0.932 
Muy = 0.0 
3.80 (1.0)(55.2) _ < 
(0.85)(17.7) + (0.95)(96.3)(0.932) - 0.900 - 1.0 OK 
~ + Mux + Muy < 1 0 
<PePno <PbMnx $bMny - . 
from Table III-I, Pno = 22.6 kips 
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Example 111-2: C-Section Without Lips With Holes - Compression 
I R = 0.1875 in. 
4.0 in. __ 
-----+x 




1. Steel: Fy = 33 ksi 
2. Section: 4CU 1.25x057 as shown above 
3. Concentrically loaded 






1 1/2 in . diameter 
holes @ 12 in. on 
center 
5. Braced for buckling about the y-axis and for torsion at ends and mid-span 
Required: 
I. Permitted applied load, Plive, using ASD and LRFD methods. 
Solution: 
1. Compute nominal axial strength 
a. Check y-axis buckling (Section C4.1 ). 




[( 1.0)(24.0) / (0.371)] 
= 69.57 ksi 
b. Check torsional-flexural buckling (Section C4.2). 
Fe = 21~ [ (O.x + at) - j (oex + 0,)2 - 4~OexO,] 
~ = 1 - (xJro)2 
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~ = 0.854 
n;2E 
crex 2 (KxLx/rx) 
n;2(29500) 
= 2 [0.0)(48.0)/1.50] 
= 284.33 ksi 
crt = _1_ [GJ + n;2ECw ] Ar~ (KtL t)2 
= 1 [( 11300)(0.000383) + n;2(29500)(0.138)] 
(0.353)( 1.67)2 [( 1.0)(24.0)]2 
= 75.25 ksi 
(Eq. C3.1.2.-8) 
(Eq. C3.1.2-10) 
Fe = (2)(0~854) [(284.33 + 75.25) - /(284.33 + 75.25)2 - (4)(0.854)(284.33)(75.25)] 
= 71.72 ksi 
c. Determine controlling buckling mode. 
69.57 < 71.72, therefore y-axis buckling governs 
Fe = 69.57 ksi 
= j6~.~7 
= 0.689 < 1.5, therefore 
Fo = (0.658A~)Fy 
= [0.658(0.689)2]33 
= 27.06 ksi 
d. Compute effective area at f = Fo = 27.06 ksi 
Flange as uniformly compressed un stiffened element. 
w = 1.25 - (0.1875 + 0.057) = 1.006 in. 
wIt = 1.006/0.057 = 17.65 
k = 0.43 
A = 1.~2(~)A 
= 1.052 (17 65) 27.06 
/0.43' 29500 
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p = (1 - 0.22/A)/A 
= (1 - 0.22/0.858)/0.858 
= 0.867 
b = pw 
b = (0.867)( 1.006) = 0.872 in. 
Web as uniformly compressed stiffened element. 
w = 4.000 - 2(0.1875 + 0.057) = 3.511 in. 
wIt = 3.51110.057 = 61.6 
k = 4.0 
A. = 1.052(61.6) )27.06 
/4.0 29500 
= 0.981 > 0.673, therefore, 
p = (1 - 0.22/A}/A 
= (1 - 0.22/0.981)/0.981 
= 0.791 
b = (0.791)(3.511) = 2.777 in. (not considering holes) 
Use Section B2.2 to account for holes in web. 
dh 1.5 
w = 3.511 = 0.427 < 0.50 OK 
~ = 61.60 < 70 OK 
Hole spacing = 12.0 in. on center> 0.5w and> 3dh OK 
Since A = 0.981 > 0.673 
W[I-~-~] 
b = A 
3 511 [1 0.22 (0.8)( 1.5)] 
. 0.981 3.511 
= 0.981 
= 1.553 in. (considering holes) 
Compute Ae by subtracting the ineffective area of the web and flanges from the gross 
section. 
Ae = Agross - (w - be}t - (wf - b}t 
= 0.353 - (3.511 - 1.553}(0.057) - (1.006 - 0.872)(0.057)(2} 
= 0.226 in.2 
e. Compute P n 
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Pn = 6.12 kips 
f. Compute maximum permissible applied live load, Plive 
ASD 
P 
Plive ~ Q: where n = 1.80 
< 6.12 
- 1.80 
Plive ~3.40 kips 
LRFD 
1.6PJive ~ <l>cPn where <Pc = 0.85 
< (0.85)(6.12) 
- 1.6 
~ 3.25 kips 
(Eq. A5.1.1-l) 
(Eq. A6.1.1-l) 
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i R = 0.108 in. 
5.5 in . -L--- .... x 
I 
I 
Sx = 0.845 in.3 
A = 0.529 in.2 
Ix = 2.323 in.4 
Iy = 0.175 in.4 
rx = 2.10 in. 
ry = 0.575 in. 
Given: 





24.0 in. 24.0 in. 
I' -I' 
+ + I I 
I I 
+ + I , 
I I 
+ + , , 
I I 
+ + , 
J = 0.000573 in.4 
Cw = 1.11 in.6 
ro = 2.43 in. 
24.0 in. 
-I' -I' 
+ + I I 
I I 
+ + , , 
I I 
+ + , , 
I I 
+ + 
Xo = 1.088 in. (absolute value) 










Note: y-y axis perpendicular to wall board 
2. Section: 5.5CS1.625x057 as shown, spacing 24 in. O.C. 
3. Length: 8 ft = 96.0 in. 
111-35 
Screws at 8.0 in 
on center (typ.) 
4. Cladding: On both sides, 1/2 in. gypsum board with No.6 Type S-12 self-drilling screws at 8 in. O.C. 
vertically. 
Required: 
1. The ASD axial design strength. 
2. The permitted ASD axial load in combination with 5 psf lateral live load. 
Consider the contribution of sheathing. 
Solution: 
1. No Lateral Load (Section D4.1) 
a. Check column buckling between fasteners 
KL/ry =(2)(8.0)/0.575 = 27.8 
For flexural buckling about the y-y axis 
n2E 
FeJ = 2 
(KL/ry) 
= n2(29500) = 377 ksi 
(27.8)2 
(Eq. C 4.1-1) 
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Torsional-flexural buckling is not a mode offailure since the section is braced on both sides 
by gypsum board 
[F; ill 
Ac = V Fe = V ill = 0.296 
Since Ac < 1.5 
Fnl = (0.658).~)Fy 
= (0.658o.2962)Fy = 31.8 ksi 
b. Check flexural and/or torsional overall column buckling 
OCR = 0 ey + Qa 
OR 




= jt2(29500) = 139 ksi 
[(96.0)/2.10]2 
OtQ = crt + Qt 
= _1_ [GJ + 3t2ECw] 
Ar~ L2 
= 1 [(11300)(0.000573) + 3t2(29500)(1.11)] 
(0.529)(2.43)2 (96.0)2 
= 13.3 ksi 
= (Qd2)/(4Aro2) 
= Qo(2 - sIs') 
Qo = 24.0 k (from Table 04) 
s = 8.0 inches 
s' = 12.0 inches 
Q = 24.0(2 - 8.0112.0) = 32.0 kips 
Qt = (32)(5.5)2/[(4)(0.529)(2.43)2] = 77.5 ksi 
OtQ = 13.3 + 77.5 = 90.8 ksi 
= Jt2E _ 3t2(29500) 
Oey - ----=--~--
(L/ry)2 [(8.0)(12.0)/(0.575)]2 
= 10.4 ksi 
Qa = Q/A 
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~ = 0.800 (calculated previously) 
OCR = 10.4 + 60.5 = 70.9 ksi 
OR 
OCR = (2 )(0~800) [(139 + 90.8) - j (139 + 90.8)2 - (4)(0.800)(139)(90.8)] 
= 74.0 ksi 
Use OCR = 70.9 ksi = Fe 
A.c = J¥. = j 7t~9 = 0.682 < 1.5 
therefore, 
Fn2 = (0.658A~)Fy 
= (0.6580.6822)33 = 27.2 ksi 
c. Check shear strain of wall material 
Co = L/350 
= (96.0)/350 = 0.274 in. 
Do = L/700 
= 96.0/700 = 0.137 in. 
Eo = L/[(d)(10,000)] 
= 96.0/[(5.5)(10,000)] 
= 0.00175 rad 
Let initial trial value of Fn3 be the lower of Fn 1 and Fn2 
Assume Fn = Fn2 = 27.2 ksi > Fyl2 
E' = 4EFn (Fy - Fn)/Fy2 
= (4)(29,500)(27.2)(33 - 27.2)/(33)2 = 17,100 ksi 
G' = G(E'IE) = 11,300(17,100/29,500) 
= 6550 ksi 
= (FnCo)/( Oey - Fn + Qa) 
= :n2E' = n;2(17100) = 6.05 ksi 
2 2 (L/r y) (96.0/0.575) 
Qa = 60.5 ksi (calculated previously) 
Cl = (27.2)(0.274)/(6.05 - 27.2 + 60.5) = 0.189 
= 
Fn[ (Oex - Fn)(r~Eo - xoDo) - Fnxo(Do - xoEo)] 
(oex - Fn)r~( 0tQ - Fn) - (Fnxo)2 
_ ,.;2E' _ n;2(17100) - 80 8 k . 
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crt = _1_[ G'] + lt2E'Cw] (Eq. 04.]-]]) Ar2 L2 
0 
= 1 [(6550)(0.000573) + lt2(171 00)( 1.11) ] 
(0.529)(2.43)2 (96.0)2 
= 7.71 ksi 
crtQ = crt + Qt = 7.71 + 77.5 = 85.2 ksi (Eq.04 .1-12) 
e 80.8 - 27.2)[(2.43)2(0.00175) - (1.088)(0. 137)1} 
27.2 _ (27.2)( 1.088)[0.137 - (1.088)(0.00175)] 
E} = (80.8 - 27.2)(2.43)2(85.2 - 27.2) - [(27.2)(1.088)]2 
(Eq. 04.1-18) 
= - 0.0178, use absolute value = 0.0178 
-
Y = 0.008 in.lin. (Table 04) 
Y = (7tIL)[CI + (EI d/2)] (Eq.04.]-16) 
= [1t/(96.0)][0.189 + (0.0178)(5.50)/2] 
= 0.00779 < 0.008 OK, therefore Fn2 governs the capacity 
By trial and error iteration it can be shown that the shear strain will not exceed the limit of 0.008 for Fn3 ~ 27.6 
ksi 
Calculate Ae at Fn = 27.2 ksi, the smallest value of Fn 1, Fn2, and Fn3 
Web: 
w = 5.50 - 2(0.108 + 0.057) = 5.170 in. 
= 1.052 (5.170) J 27.2 = 1 449 !4 0.057 29500 . 
For A > 0.673, 
P = (1 - 0.2211.449)11.449 = 0.585 
be = pw = (0.585)(5.170) = 3.025 in. 
Flange: 
w = 1.625 - 2(0.108 + 0.057) = 1.295 in . 
wit = 22.72 
S = 1.28 /29500/27.2 = 42.15 
S/3 < wIt < S, so use Case II 
Ia = 399t4{(w/t)/S - /ku/4} 
3 
= 399(0.057)4[22.72/42.15 - j0.43/4 r 
= 0.0000397 in.4 
Stiffener: 
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Is = w3t112 = (0.335)\0.057)112 
= 0.000 179 in.4 
= 1.052 (0.335) J 27.2 
j0.43 0.057 29500 
= 0.286 < 0.673 
b = d's = 0.335 in. 
e2 = IslIa >1 :. use 1.0 
ds = C2ds' = 0.335 in. (for Is ~ Ia) 
D/w = 0.50011.295 = 0.386 
ka = 5.25-5(0.386) = 3.32 < 4.0 OK 
k = (1 )0.5(3.32 - 0.43) + 0.43 = 3.32 
7L = 1~(22.72) J2~~~0 = 0.398 < 0.673 
.;3.32 
b = w = 1.295 in. 
Ae = 0.529 - (5.170 - 3.025)(0.057) = 0.407 in.2 
Pn = AeFn 
= (0.407)(27.2) = 11.07 kips 
ASD Design Strength 
o = 1.80 
P = Pn/O 
= 11.07/1.80 
= 6.15 kips 
2. Allowable Axial Load with 5 psf Lateral Live Load (Section D4.3) 
Mx = (5psf)(2ft. O.C.)(8 fL)2 (12 in.lft.)/[(8)(] 000 Iblkip)] 
= 0.960 kip-in. 
QcP QbCrnxMx QbCmyMy 
- + + M :5 1.0 












Assume Crnx = 1.0 (braced against joint translation in the plane of loading, subject to transverse loading be-
tween supports with member ends unrestrained) 
(Eq. C5.2.1-4) 
Oc = 1.80 
n:2E1x 
= 2 (KxLx) 
(Eq. C5.2.1-6) 
= n:2(29500)(2.323) = 73.4 ki s 
(96.0)2 P 
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Mnxo = 27.87 kip-in. (from Table II-I) 
nb = 1.67 
1.80P + (1.67)(1.0)(0.960) < 1 0 
11.07 (27 .87)( 1_17~?:) - . 
Solving for P gives: 
P = 5.74 kips 
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----L.-_ ~===t===============::-10.50 in 
.1 4.0 In. 
Given: 
1. Steel: Fy = 55 ksi 
2. Section: 4LS4x060 as shown above 
3. Section is concentrically loaded in compression 
4. KLx = KLy = KLt = 18.0 in. 
Required: 
1. ASD and LRFD design strengths. 
Solution: 
1. Compute Pn (Section C4) 
a. Flexural buckling (Section C4.1) 
use least radius of gyration, r y2 
= n
2 29,500 2 = 697.5 ksi 
[(1.0)(18.0)/0.881 ] 
b. Torsional-flexural buckling (Section C4.2) 
Fe = 1~ [(aex + at) - j(aex + al- 4paexa t ] 
where the x-axis is the axis of symmetry. 
~ = 1 - (Xo/ro)2 
A = 0.512 in.2 
Ix = 0.960 in.4 
Ixy = 0.562 in.4 
ry2 = 0.88 tin. 
Xo = -1.633 in. 
ro = 2.53 in. 
111-41 
J = 0.000615 in.4 
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2 
= 1 - ( - 2~5~33) = 0.583 
1[2E 
The radius of gyration about the axis of symmetry can be computed as: 
Ix + Iy 
Irnax = 2 + (
IX-Iy)2 2 
-2- + Ixy , where Ix = Iy 
rmax 
= Ix + IIxyl 




= 1.724 in. 
1[2 29,500 (Jex = ---~-~ 
[(1.0)(18.0) /1.724]2 
= 2671 ksi 
= _1_ [GJ + 1[2ECw ] Ar~ (K tLt)2 
= 1 [< 11,300)(0.000615) + 11:2(29500)(0.0533)] 
(0.512)(2.53)2 [(1.0)(18.0)]2 
= 16.7 ksi 
Fe = (2)(0~583) [(2671 + 16.7) - j(2671 + 16.7)2 - (4)(0.583)(2671)(16.7)] 
= 16.7 ksi <-CONTROLS 
c. Nominal axial strength (Section C4) 
Ac = IF; V "Fe 
= j1~\ = 1.81 > 1.5 
= [0.877]F ).,2 y 
c 
= [(~:~i~2 Js5 = 14.7 ksi 
Pn = AeFn 
CEq. C3.1.2-8) 
CEq. C3.1.2-8) 
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From Example 1-11 at a uniform compression stress of 14.7 ksi, 
Ae = 0.383 in.2 
Pn = (0.383) (14.7) = 5.63 kips 
2. ASD design strength 
Qc = 1.80 
= ~:~6 = 3.13 kips 
3. LRFD design strength 
<Pc = 0.85 
<PcPn = (0.85)(5.63) = 4.79 kips 
111-43 
(Eq. C4-1) 
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Example 111-5: Tubular Section - Round - Bending and Compression 
Given: 
1. Steel: Fy = 50 ksi 
2. Section: Shown in sketch above. 
3. Height: L = 10'-0", simply supported at each end. 
4. Axial Loads: Pn = 10 kips, PL = 20 kips 
5. Transverse Flexural Load (at midspan): PL = 3.5 kips 
Required: 
Check the adequacy of the section using ASD and LRFD methods 
Solution: 
1. Axial Strength (Section C6.2) 
Ratio of outside diameter to wall thickness 
D/t = 8.010.125 = 64.0 
D/t < 0.441EIFy = 0.441(29500150) = 260 OK 
Compute A.c 
I = (l/4)1t[(O.R.)4 - (I.R.)4] 
= (l/4)1t[(4.0)4 - (3.875)4] 
= 23.98 in.4 . 
A = (l/4)1t[(O.D.)2 - (I.D.)2] 
= (1I4)1t[(8.0)2 - (7.75)2] 
= 3.093 in.2 
r = jI/A 
= j23.98/3.093 = 2.784 in. 
= 1t2E/(~/r)2 
= 1t2(29500)/[(lO)(l2)1 2.784]2 = 157 ksi 
(Eq. C4.1-l) 
(Eq. C6.2-4) 
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Ac = j 155~ = 0.564 
Since Ac ~ 1.5 
Fn = (0.658A~)Fy 
= (0.658°.5642)50 = 43.8 ksi 
Ao = [( 0.)37 + 0.667]A ~ A 
DFy fetE) 
= [ 0.037 + 0.667]3.093 (8.0)(50)/[(0.125)(29500)] 
= 3.118 in.2 > A 
Therefore, Ao = A = 3.093 in.2 
Ae = [1- (1 - R2)(1 - Ao/A)]A 
Since AJA = 1, Ae = A 
Ae = 3.093 in.2 
Pn = FnAe 
= (43.8)(3.093) 
= 135 kips 
Compute Pno for use in Section C6.3 and C5.2 
Fn = Fy 
Pno = FyAe 
Pno = (50)(3.093) = 155 kips 
2. Flexural Capacity (from Example 11-5) 
Mn = 346 kip-in. 
3. Combined Bending and Compression 
ML = PL/4 = (3.5)(10)(12)/4 = 105 kip-in. 
ASD 
P = Po + PL = 10 + 20 = 30 kips 
M = ML = 105 kip-in. 
nc = 1.80 
nb = 1.67 
QcP = (1.80)(30) = 040 > 0.15 
Pn 135 . 
therefore use Equations C5.2.1-1 and C5.2.1-2 
QcP QbCrnxMx 1 0 
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QcP QbMx 1 0 
-+--< Pno Mnx - . 
Crnx = 1.0 
PE = 1t2EII(KL)2 
= 1t2(29500)(23.98)/[(1.0)(120)]2 = 485 kips 
= 1 _ QcP 
PE 
= 1 - (l.~~~30) = 0.889 
(1.80)(30) + (1.67)(1.0)(105) = 0970 < 1 0 OK 
135 (346)(0.889) . . 
(1.80)(30) + (1.67)(105) = 0 855 < 1 0 OK 
155 (346) . . 
LRFD 
Pu = 1.2PD + 1.6PL = (1.2)(10) + (1.6)(20) = 44.0 kips 
Mu = 1.6ML = (1.6)(105.0) = 168.0 kip-in. 
q,c = 0.85 
q,b = 0.95 
4>~Pn = (O.8~(~35) = 0.38 > 0.15 
therefore use Equations C5.2.2-1 and C5.2.2-2 
~ + CmxMux < 1 0 
<PcP n <PbMnxox - . 
~+ Mux < 10 
<PcPno <PbMnx - . 
Crnx = 1.0 
= 1 _ Pu 
Pe 
= 1 - !~.~ = 0.909 
44.0 (1.0)(168) 
(0.85)(135) + (0.95)(346)(0.909) = 0.946 :5 1.0 OK 
44.0 168 
(0.85)(155) + (0.95)(346) = 0.845 :5 1.0 OK 
CEq. C5.2.1.-2) 
(Eq. C5.2.l-6) 







(Eq. CS .2.2-2) 
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Example 111-6: Stiffened Z-Section With One Flange Through-Fastened To 
Deck Or Sheathing - Compression 
1.25 in. 
R = 0.1875 in. 
8.0 in. -- x 
t = 0.060 in. 
Given: 
1. Steel: Fy = 55 ksi 
2. Section: 8Z2.5x060 
3. Span = 25 ft. = 300 in. 
Required: 
Compression design capacity, ASD and LRFD 
Solution: 
1. X-axis capacity 
1t2E 
Fex = 2 (KL/rx) 
= 
1t
2(29500) = 31.1 ksi 
(300/3.10)2 
= R. Fe 
= fflr 31.1 = 1.33 < 1.50 
= ( 0.658A~)Fy 
= (0.6581.332)(55) = 26.2 ksi 
Pn = AeFn 
D = 8.0 in. 
B = 2.5 in. 
t = 0.060 in. 
A = 0.847 in.2 
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In Example 1-10, Ae was calculated as 0.60 I in.2 at f = 26.2 ksi 
Pn = (0.601)(26.2) = 15.7 kips 
2. Lateral-Torsional Capacity 
Pn = CIC2C3AEl29500 
x = alb 
= 1.25/2.50 = 0.50 
Cl = (0.79x + 0.54) 
= (0.79)(0.50) + 0.54 = 0.935 
C2 = 1.17t + 0.93 
= (1.17)(0.060) + 0.93 = 1.00 
C3 = 2.5b - 1.63d + 22.8 
= (2.5)(2.5) - (1.63)(8.00) + 22.8 = 16.0 
Pn = (0.935)( 1.00)( 16.0)(0.847)(29500)/29500 
= 12.7 kips 
3. Governing Limit State is Lateral-Torsional Buckling 
Pn = min(12.7, 15.7) = 12.7 kips 
4. ASD Design Strength 
Pn/O = 12.711.80 = 7.06 kips 
S. LRFD Design Strength 
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w /~ I 
R = 0.1875 in. ' 
I 
I " III " 11111111111111111111 " 1111111111111111 
..... ~t = 0.135 in. L P-'f=~--------------------~-+-P 
I.. 6.0 ft. ~I 




~ I \.: , I 
1.67 in. 1.67 in. 
Given: 
1. Steel: Fy = 55 ksi 
2. Section: 3HU4.5x 135 as shown above. 
3. L = 6 ft., simply supported with continuous lateral and torsional bracing of the compression flange. 
4. Axial Loads: Po = 2 kips, PL = 10 kips 
5. Transverse Uniform Flexural Loads: WD = 0.090 kips/ft, WL = 0.430 kips/ft. 
Required: 
Check the adequacy of the section using ASD and LRFD method. Do not use inelastic reserve capacity. 
Solution: 
1. Compute bending moments 
M - woL2 = (0.090)(6)2 - 0 405 k' -f = 486 k' . o - 8 8 -. Ip t. . Ip-m. 
ML = w~L2 = (O.43~)(6)2 1.935 kip-ft. = 23.22 kip-in. 
2. Compute nominal moment capacity 
From Example 11-4 
Mn = 83.6 kip-in. 
3. Compute nominal axial capacity 
Section is free to buckle in a plane perpendicular to the flange only 
3t2E 
Fe = (KL/r)2 
= 31:
2(29,500) 2 = 79.80 ksi 
[(1.0)(72.0)/1.192] 
(Eq. C4.1-l) 
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- j 55.0 - 0 830 < ] 5 
- 79.80 - . _. 
= (0.658A~)Fy 
= [0.658(0.830)2]55 = 41 .22 ksi 
Pn = AeFn 




Ae = 1.73 in.2 at a stress level of 55 ksi. All elements are fully effective except the bottom flanges. 
Check the bottom flanges at f = 41.22 ksi. 
= l~( 1.3458) 24915.2020 = 0.599 < 0.673 Flange is fully effective. ,,0.43 0.13 
All elements are fully effective; therefore, Ae = Agross = 1.74 in.2 
Pn = (1.74)(41.22) = 71.7 kips 
4. Combined Compression and Bending - ASD (Section C5.2.1) 
Required Axial Strength 
P = Po + PL = 2.0 + 10.0 = 12.0 kips 
Required Flexural Strength 
My = Mo + ML = 4.86 + 23 .22 = 28.08 kip-in . 
Check .QcPlPn 
.Qc = 1.80 
QcP = (1 .80)(12.0) = 0 30 0 IS 
Pn 71.7 . >. 
therefore check Equations CS.2.1-1 and C5.2.1.-2. 
QcP QbCmxMx QbCmyMy 
-+ + <]0 Pn Mnxax Mnyay - . 
Cmy = 1.0 







2(29500)(2.47) = ] 38.7 ki s 
[( l.O)(72.0)f p 
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Mx = 0.0 
Qb = 1.67 
0.80)(12.0) + (1.67)(1 .0)(28.08) < 1 0 
71.7 (83.6)(0.844) - ' 
0.301 + 0.665 = 0.966 < 1.0 OK 
np OM OM _l:a~c_ + _b_x + _b_y $; 1.0 
Pno Mnx Mny 
Pno = AeFy where Ae was calculated as 1.73 in.2 in Example 1-13 
= 0.73)(55) = 95.2 kips 
(1.8g~~~2.0) + (1.67;j~:.08) = 0.227 + 0.561 = 0.788 < 1.0 OK 
s. Combined Compression and Bending - LRFD (Section CS.2.2) 
Required Axial Strength 
Pu = 1.2PD + 1.6PL 
= (1 .2)(2.0) + (1.6)(10.0) = ]8.4 kips 
Required Flexural Strength 
Mny = 1.2MD + 1.6ML 
= 0.2)(4.86) + 0 .6)(23.22) = 43.0 kip-in. 
Check Pu l<PcPn 
<Pc = 0.85 
~Pn = (O.8;~(jI.7) = 0.302> 0.15 
therefore check Equations C5.2.2-1 and C5.2.2-2. 
~ + CmxMux + CmyMuy < 1 0 
<PcP n <?bMnxux <?bMnyay - . 
Cmy = 1.0 
= 1 _ Pu 
<ly P
Ey 
PEy = 138.7 kips (calculated above) 
- 1 18.4 - 0 867 
- - 138.7 - . 
Mx = 0.0 
CPb = 0.95 (braced beam) 
18.4 (1.0)(43 .0) OK 
(0.85)(71.7) + (0.95)(83.6)(0.867) = 0.302 + 0.625 = 0.927 < 1.0 
~ + Mux + Muy ~ 1.0 
<PcPno <t>bMnx <PbMny 
Pno =95.2 kips (calculated above) 
18.4 + 43.0 < ] 0 
(0.85)(95.2) (0.95)(83.6) - . 
0.227 + 0.541 = 0.768 < 1.0 OK 
III-51 
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(Eq . C5.2.l-2) 
(Eq . C5.2.]-2) 
(Eq . C5.2.2-1) 
(Eq . C5 .2.2-4) 
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IV-2 Connections for use with the 1996 AISI Cold-Formed Steel Specification 
SECTION 1 - WELDS 
Application must comply with the requirements set forth in Section E2 of the Specifica-
tion. The Specification applies to the welding of parts wherein the thinnest part is 0.18 in. or 
less. For welded connections in which the thickness of the thinnest connected part is greater 
than 0.18 in., refer to the AISC specifications. Welds shall be made in accordance with AWS 
D.1.3, except resistance welds which shall be in accordance with AWS C.1.3. 
1.1 Notes On The Tables 
Shown in Table IV -1 are the unit nominal shear strengths for fillet welds made on vari-
ous sheet thicknesses and for sheet ultimate strengths of 45 ksi and 65 ksi. The nominal weld 
shear strength is found by interpolating between values in the Table, then multiplying by the 
length of fillet weld used (adding values for longitudinal plus transverse welds). For ASD, 
the weld design shear strength is determined by dividing the nominal weld shear strength by 
n. For LRFO, the weld design shear strength is found by multiplying the nominal weld shear 
strength by $. 
Shown in Tables IV -2 and IV -3 give the nominal strengths for 112 in., 5/8 in., and 3/4 in. 
arc spot welds based on sheet capacity. Values are provided for sheet ultimate strengths of 45 
ksi and 65 ksi. Nominal strengths are determined by interpolation based on the total sheet 
thickness being welded to the supporting structure. For ASO, the weld design shear strength 
is determined by dividing the nominal weld shear strength by n. For LRFO, the weld design 
shear strength is found by multiplying the nominal weld shear strength by $. 
Nominal shear strengths of resistance welds, "spot welds", are provided in the Speciji-
cation in Table E2.6. For ASD, the weld design shear strength is determined by dividing the 
nominal weld shear strength by n. For LRFD, the weld design shear strength is found by 
mUltiplying the nominal weld shear strength by <». 
1.2 Connection Design Tables 
Connections for use with the 1996 AISI Cold-Fonned Steel Specification IV-3 
Table IV-1 
Fillet Welds n = 2.5 <I> = See Table 
Shear of Sheet 
Nominal Shear Strength of a 1 in. long weld, PIn, kips/in. 
Fu = 45 ksi Fu = 65 ksi 
Sheet Weld Length/Sheet Thickness, L / t Weld Length/Sheet Thickness, L / t 
Thick-
ness 5 10 
in. 
0.60 0.60 
0.036 1.54 1.46 
0.048 2.05 1.94 
0.060 2.57 2.43 
0.075 3.21 3.04 
0.090 3.85 3.65 
0.105 4.49 4.25 
0.135 5.77 5.47 
Longitudinal Trans-
15 20 ~25 verse 
<I> <l> 
0.60 0.60 0.55 0.60 
1.38 1.30 1.22 1.62 
1.84 1.73 1.62 2.16 
2.30 2.16 2.03 2.70 
2.87 2.70 2.53 3.38 
3.44 3.24 3.04 4.05 
4.02 3.78 3.54 4.73 
5.16 4.86 4.56 6.08 
Note: Design Strengths are: 
ASD: P' n X LIn 




















t = thickness of thinnest welded sheet 
Longitudinal Trans-
15 20 ~25 verse 
<P <l> 
0.60 0.60 0.55 0.60 
1.99 1.87 1.76 2.34 
2.65 2.50 2.34 3.12 
3.32 3.12 2.93 3.90 
4.14 3.90 3.66 4.88 
4.97 4.68 4.39 5.85 
5.80 5.46 5.12 6.83 
7.46 7.02 6.58 8.78 
IV-4 Connections for use with the 1996 AISI Cold-Formed Steel Specification 
Table IV - 2 
r-
Arc Spot Welds 
Shear of Single Sheet 































Fu = 45 ksi 
Visible Diameter, in. 
1/2 5/8 3/4 
0.50 0.58 0.69 
0.84 0.87 0.92 
1.18 1.32 1.36 
1.40 1.77 1.90 
1.61 2.04 2.48 
1.82 2.32 2.81 
2.03 2.58 3.14 
2.23 2.85 3.47 
2.42 3.10 3.78 
2.61 3.36 4.10 
2.80 3.60 4.41 
2.98 3.85 4.71 
3.16 4.08 5.01 
3.33 4.32 5.31 
3.49 4.54 5.60 
3.65 4.77 5.88 
3.81 4.98 6.16 
3.96 5.20 6.44 
4.11 5.41 6.70 
4.25 5.61 6.97 
4.38 5.81 7.23 
4.51 6.00 7.48 
4.64 6.19 7.73 
4.76 6.37 7.98 
4.88 6.55 8.22 
4.99 6.72 8.45 
5.10 6.89 8.68 
5.20 7.05 8.91 




<l> = 0.50 above heavy line 
<l> = 0.60 below heavy line 
Fu = 65 ksi 
Visible Diameter, in. 
1/2 5/8 3/4 
0.66 0.83 1.00 
1.04 1.10 1.33 
1.57 1.63 1.68 
2.02 2.28 2.34 
2.33 2.95 3.11 
2.63 3.35 3.98 
2.93 3.73 4.54 
3.22 4.11 5.01 
3.50 4.48 5.47 
3.78 4.85 5.92 
4.04 5.21 6.37 
4.30 5.56 6.81 
4.56 5.90 7.24 
4.80 6.23 7.66 
5.04 6.56 8.08 
5.28 6.89 8.49 
5.50 7.20 8.90 
5.72 7.51 9.30 
5.93 7.81 9.68 
6.13 8.10 10.07 
6.33 8.39 10.44 
6.52 8.67 10.81 
6.70 8.94 11.17 
6.88 9.20 11.53 
7.05 9.46 11.87 
7.21 9.71 12.21 
7.36 9.95 12.54 
7.51 10.19 12.87 
(2) The nominal shear strength given in Eq E2.2.1-1 of the Specification is not 
considered in Table IV-2 
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Table IV - 3 
Arc Spot Welds 
Shear of Multiple Sheets 
































Fu = 45 ksi 






























Notes: (1) Design Strengths are: 
































<I> = 0.50 above heavy line 
<I> = 0.60 below heavy line 
Fu = 65 ksi 



























































(2) The nominal shear strength given in Eq E2.2.1-1 of the Specification is not 
considered in Table IV-3 
IV-5 
IV-6 Connections for use with the 1996 AISI Cold-Fonned Steel Specification 
SECTION 2 - BOLTS 
Bolts, washers and nuts approved for use with cold-formed members are listed in the 
Specification in Section E3. Application must comply with the requirements set forth in Sec-
tion E3. The Specification applies to the bolting of cold-formed steel structural mernbers in 
which the thickness of the thinnest connected part is less than 3/16 inch. For connections 
where the thinnest connection part equals 3/16 inch or thicker refer to the AISC Specifica-
tion. The calculation of area in resisting failure due to shear or tension is performed by de-
ducting the bolt hole size along the failure surface. A standard hole is defined for bolts less 
than 1/2 inch in diameter as the diameter of the bolt plus 1/32 in. For bolts equal to or greater 
than 112 in., the standard hole size is taken as the bolt diameter plus 1/16 inch. Requirements 
for bolted slip critical connections are not contained in the AISI Specification. 
2.1 Notes On The Tables 
Shown in Tables IV-4 and IV-5 are tabulated values for the nominal tension strength 
and the nominal shear strength for A307, A449, A325, A354 and A490 bolts. Design 
strengths can be found directly from the table for ASD by dividing by .Q , and for LRFD by 
multiplying by $. 
Provided in Tables IV -6a and IV -6b are bearing strengths for steels with ultimate 
strengths of 45 ksi and 65 ksi respectively. Values are presented based on a bearing thickness 
of 1.0 in. The nominal bearing strength for a given situation is determined by multiplying the 
actual bearing thickness, in inches, by the tabulated value. The design strength for ASD de-
signs can then be found by dividing n , and for LRFD by multiplying by $. 
2.2 Connection Design Tables 
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Diameter Fnt 1/4 
in. n ksi 
.0491 
< 1/2 2.25 40.5 1.99 
~ 1/2 2.25 45.0 
~ 1/2 2.0 90.0 
< 1/2 2.0 81.0 3.98 
< 1/2 2.0 101.0 4.96 
~ 1/2 2.0 112.5 
Note: Design Strengths are: 









Nominal Shear Strength, Pn, kips 
n=See Table 
4> = 0.75 
Nominal Bolt Diameter, in. 
3/8 7/16 1/2 9/16 5/8 3/4 
Gross Area, in.2 
.1104 .1503 .1963 .2485 .3068 .4418 
4.47 6.09 
8.84 11.2 13.8 19.9 
17.7 22.4 27.6 39.8 
8.94 12.2 
11.2 15.2 
22.1 28.0 34.5 49.7 
n=2.4 
<\>=0.65 
Nominal Bolt Diameter, in. 
Type Diameter Fnv 1/4 5/16 3/8 7/16 1/2 9/16 5/8 3/4 (1 ) in. ksi Gross Area, in.2 
.0491 .0767 .1104 .1503 .1963 .2485 .3068 .4418 









~ 1/2 27.0 5.30 
~ 1/2 54.0 I 10.6 
72.0 14.1 
< 1/2 47.0 2.31 3.60 5.19 7.07 
72.0 3.54 5.52 7.95 10.8 
<1/2 59.0 2.90 4.53 6.51 8.87 
90.0 4.42 6.90 9.94 13.5 
~ 1/2 67.5 13.3 
90.0 17.7 
Notes: (1) Design Strengths are: 
ASD:Pn/Q 
LRFD: CPPn (2) Type N has threads included in a shear plane 
Type X has threads exluded from all shear planes 
6.71 8.28 11.9 
13.4 16.6 23.9 
17.9 22.1 31.8 
16.8 20.7 29.8 
22.4 27.6 39.8 
IV-8 Connections for use with the 1996 AISI Cold-Fonned Steel Specification 
Table IV - 6a 
Bolts Q= 2.22 
Bearing on Connected Members ~ = See Table 
Fu = 45 ksi 
Nominal Bearing Strength of a 1 in. thick section, PIn, kips/in. 
Thickness 
of Nominal Bolt Diameter, in. 
Washers Connected Type of Joint Fu/Fsy ~ 1/4 5/16 3/8 7/16 1/2 9/16 5/8 Part, in. 
Inside Sheet ~1.08 0.55 37.5 46.8 56.2 65.6 74.9 84.3 93.7 
of Double 
0.024 Shear <1.08 0.65 33.8 42.2 50.6 59.1 67.5 75.9 84.4 
Both Sides ~t Single Shear <3/16 
and Outside 
Sheets of No 0.60 33.8 42.2 50.6 59.1 67.5 75.9 84.4 
Double Shear Limit 
Connections 
Inside Sheet 
None or 0.036 of Double ~1.08 0.65 33.8 42.2 50.6 59.1 67.5 75.9 84.4 
One Side ~t Shear 
Only <3/16 Single Shear 
and Outside 
Sheets of ~1.08 0.70 25.0 31.2 37.5 43.7 50.0 56.2 62.4 
Double Shear 
Connections 
Table IV - 6b 
Bolts Q= 2.22 Bearing on Connected Members ~ = See Table 
Fu = 65 ksi 






Both Sides st 
<3/16 
None or 0.036 
One Side st 
Only <3/16 
Type of Joint Fu/Fsy ~ 
Inside Sheet ~1.08 0.55 
of Double 
Shear <1.08 0.65 
Single Shear 
and Outside 
Sheets of No 0.60 
Double Shear Limit 
Connections 
Inside Sheet 




Sheets of ~1.08 0.70 
Double Shear 
Connections 
Note: Design Strengths are: 
ASO: P' n x tIn 







where t = material thickness in inches 
Nominal Bolt Diameter, in. 
3/8 7/16 1/2 9/16 5/8 
81.2 94.7 108 122 135 
73.1 85.3 97.5 110 122 
73.1 85.3 97.5 110 122 
73.1 85.3 97.5 110 122 
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SECTION 3 - SCREWS 
Requirements for screw connections are listed in the Specification in Section E4. Ap-
plication is limited to self-tapping screws with nominal screw diameters greater than 0.08 in. 
and less than or equal to 0.25 in. The screws must be thread forming or thread cutting, with or 
without a self-drilling point. 
3.1 Notes On The Tables 
Provided in Table IV -7 a and IV -7b are the nominal shear strengths of screwed connec-
tions with designations from #6 to 114 inch, which connect various sheet thickness combina-
tions. These are presented for sheets with ultimate strengths of 45 ksi and 65 ksi. 
Provided in Table IV -8a and IV -8b are the nominal pullout strengths of screwed con-
nections with designations from #6 to 114 inch, in various thicknesses of material. These are 
presented for sheets with ultimate strengths of 45 ksi and 65 ksi. 
The nominal shear strength can be determined by interpolating within the Tables. The 
design shear strength for ASD can be found by dividing the nominal shear strength by n. The 
design shear strength for LRFD can be found by multiplying the nominal shear strength by cp. 
Note that shear and tensile strengths of the fasteners must be determined by the 
manufacturer through tests. 
3.2 Connection Design Tables 
IV-9 
IV-lO 








1/4 in. 0.2500 
Connections for use with the 1996 AISI Cold-Formed Steel Specification 
Screws 
Q=3.0 Shear of Sheet - Fu = 45 ksi 
<I> =0.5 
Nominal Shear Strength, Pns' kips 
Thickness of 
member in Thickness of member not in contact with the screw head, in. 
contact with 0.036 0.048 
screw head, in. 
0.036 0.48 0.60 
0.048 0.48 0.74 
0.060 0.48 0.74 
0.075 0.48 0.74 
0.090 0.48 0.74 
0.105 0.48 0.74 
0.135 0.48 0.74 
0.036 0.50 0.66 
0.048 0.50 0.77 
0.060 0.50 0.77 
0.075 0.50 0.77 
0.090 0.50 0.77 
0.105 0.50 0.77 
0.135 0.50 0.77 
0.036 0.52 0.72 
0.048 0.52 0.80 
0.060 0.52 0.80 
0.075 0.52 0.80 
0.090 0.52 0.80 
0.105 0.52 0.80 
0.135 0.52 0.80 
0.036 0.56 0.83 
0.048 0.56 0.87 
0.060 0.56 0.87 
0.075 0.56 0.87 
0.090 0.56 0.87 
0.105 0.56 0.87 
0.135 0.56 0.87 
0.036 0.60 0.93 
0.048 0.60 0.92 
0.060 0.60 0.92 
0.075 0.60 0.92 
0.090 0.60 0.92 
0.105 0.60 0.92 
0.135 0.60 0.92 
0.036 0.65 1.02 
0.048 0.65 0.99 
0.060 0.65 0.99 
0.075 0.65 0.99 
0.090 0.65 0.99 
0.105 0.65 0.99 
0.135 0.65 0.99 














































0.075 0.090 0.105 0.135 
0.60 0.60 0.60 0.60 
0.80 0.80 0.80 0.80 
1.01 1.01 1.01 1.01 
1.26 1.26 1.26 1.26 
1.26 1.51 1.51 1.51 
1.26 1.51 1.76 1.76 
1.26 1.51 1.76 2.26 
0.66 0.66 0.66 0.66 
0.88 0.88 0.88 0.88 
1.10 1.10 1.10 1.10 
1.38 1.38 1.38 1.38 
1.38 1.65 1.65 1.65 
1.38 1.65 1.93 1.93 
1.38 1.65 1.93 2.48 
0.72 0.72 0.72 0.72 
0.96 0.96 0.96 0.96 
1.20 1.20 1.20 1.20 
1.49 1.49 1.49 1.49 
1.49 1.79 1.79 1.79 
1.49 1.79 2.09 2.09 
1.49 1.79 2.09 2.69 
0.83 0.83 0.83 0.83 
1.11 1 .11 1.11 1.11 
1.39 1.39 1.39 1.39 
1.69 1.73 1.73 1.73 
1.69 2.08 2.08 2.08 
1.69 2.08 2.42 2.42 
1.69 2.08 2.42 3.12 
0.94 0.94 0.94 0.94 
1.26 1.26 1.26 1.26 
1.57 1.57 1.57 1.57 
1.80 1.97 1.97 1.97 
1.80 2.36 2.36 2.36 
1.80 2.36 2.76 2.76 
1.80 2.36 2.76 3.54 
1.09 1.09 1.09 1.09 
1.46 1.46 1.46 1.46 
1.82 1.82 1.82 1.82 
1.94 2.28 2.28 2 .28 
1.94 2.55 2.73 2.73 
1.94 2.55 3.19 3.19 
1.94 2.55 3.19 4.10 
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Table IV -7b 
Screws 
Shear of Sheet - Fu = 65 ksi n=3.0 
<I> =0.5 
Nominal Shear Strength, Pns, kips 
Thickness of 







1/4 in. 0.2500 
contact with 0.036 0.048 
screw head 
0.036 0.69 0.87 
0.048 0.69 1.07 
0.060 0.69 1.07 
0.075 0.69 1.07 
0.090 0.69 1.07 
0.105 0.69 1.07 
0.135 0.69 1.07 
0.036 0.72 0.95 
0.048 0.72 1.12 
0.060 0.72 1.12 
0.075 0.72 1.12 
0.090 0.72 1.12 
0.105 0.72 1.12 
0.135 0.72 1.12 
0.036 0.76 1.04 
0.048 0.76 1.16 
0.060 0.76 1.16 
0.075 0.76 1.16 
0.090 0.76 1.16 
0.105 0.76 1.16 
0.135 0.76 1.16 
0.036 0.81 1.20 
0.048 0.81 1.25 
0.060 0.81 1.25 
0.075 0.81 1.25 
0.090 0.81 1.25 
0.105 0.81 1.25 
0.135 0.81 1.25 
0.036 0.87 1.34 
0.048 0.87 1.33 
0.060 0.87 1.33 
0.075 0.87 1.33 
0.090 0.87 1.33 
0.105 0.87 1.33 
0.135 0.87 1.33 
0.036 0.93 1.47 
0.048 0.93 1.44 
0.060 0.93 1.44 
0.075 0.93 1.44 
0.090 0.93 1.44 
0.105 0.93 1.44 
0.135 0.93 1.44 
Note: Design Strengths are: 













































0.075 0.090 0.105 
0.87 0.87 0.87 
1.16 1.16 1.16 
1.45 1.45 1.45 
1.82 1.82 1.82 
1.82 2.18 2.18 
1.82 2.18 2.54 
1.82 2.18 2.54 
0.95 0.95 0.95 
1.27 1.27 1.27 
1.59 1.59 1.59 
1.99 1.99 1.99 
1.99 2.39 2.39 
1.99 2.39 2.78 
1.99 2.39 2.78 
1.04 1.04 1.04 
1.38 1.38 1.38 
1.73 1.73 1.73 
2.16 2.16 2.16 
2.16 2.59 2.59 
2.16 2.59 3.02 
2.16 2.59 3.02 
1.20 1.20 1.20 
1.60 1.60 1.60 
2.00 2.00 2.00 
2.44 2.50 2.50 
2.44 3.00 3.00 
2.44 3.00 3.50 
2.44 3.00 3.50 
1.36 1.36 1.36 
1.82 1.82 1.82 
2.27 2.27 2.27 
2.61 2.84 2.84 
2.61 3.41 3.41 
2.61 3.41 3.98 
2.61 3.41 3.98 
1.58 1.58 1.58 
2.11 2.11 2.11 
2.63 2.63 2.63 
2.80 3.29 3.29 
2.80 3.69 3.95 
2.80 3.69 4.61 
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Screws Q=3.0 Pull Out - Fu = 45 ksi <l> =0.5 
Nominal Pullout Strength, Pnot' kips 
Diameter Thickness of member not in contact with the screw head, in. 
in. 0.036 0.048 0.060 0.075 0.090 0.105 0.135 
0.1380 0.190 0.253 0.317 0.396 0.475 0.554 0.713 
0.1510 0.208 0.277 0.347 0.433 0.520 0.606 0.780 
0.1640 0.226 0.301 0.376 0.470 0.565 0.659 0.847 
0.1900 0.262 0.349 0.436 0.545 0.654 0.763 0.981 
0.2160 0.297 0.397 0.496 0.620 0.744 0.868 1.115 
0.2500 0.344 0.459 0.574 0.717 0.861 1.004 1.291 
Screws Q=3.0 <l> =0.5 
Pull Out - Fu = 65 ksi 
Nominal Pullout Strength, Pnot! kips 
Diameter Thickness of member not in contact with the screw head, in. 
in, 0.036 0.048 
0.1380 0.274 0.366 
0.1510 0.300 0.400 
0.1640 0.326 0.435 
0.1900 0.378 0.504 
0.2160 0.430 0.573 
0.2500 0.497 0.663 
Note: Design Strengths are: 









0.075 0.090 0.105 0.135 
0.572 0.686 0.801 1.029 
0.626 0.751 0.876 1.126 
0.680 0.815 0.951 1.223 
0.787 0.945 1.102 1.417 
0.895 1.074 1.253 1.611 
1.036 1.243 1.450 1.865 
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SECTION 4 - EXAMPLE PROBLEMS 
4.1 Weld Examples 
Example IV-1: Flat Section With Lap Fillet Welded Connection 
r-------.Jliiiiiiiiiiiiiiiiiiiiiiiii=::::t=t::::J= ~ .060 in. 
P ...--
Given: 
1. Steel: Fy = 50 ksi, Fu = 65 ksi 
2. Required Strength: Pdead = 1.0 kips, Plive = 3.0 kips 
3. Detail of connection shown in sketch. 
Required: 
Check to see iflongitudinal fillet welded connection is adequate to transmit the required 
strength P (ASD), and Pu (LRFD). 
Solution: 
1. Required Strength 
ASD 
= 1.0 + 3.0 = 4.0 kips (AS D) 
LRFD 
P u = 1.2 Pdead + 1.6 Plive 
= 1.2 (1.0) + 1.6 (3.0) = 6.0 kips (LRFD) f- CONTROLS 
or 
P u = 1.4 Pdead + 1.0 Plive 
= 1.4 (1.0) + 1.0 (3.0) = 4.4 kips (LRFD) 
2. Nominal Strength (Section E2.4) 
LIt = 2/0.060 = 33.3 > 25 
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Pn =0.75(0.060)(2)(65) = 5.85 kips/weld 
Note: t = 0.060 in. < 0.150 in. Therefore, (Eq. E2.4-4) does not apply. 
3. ASD design strength 
Q =2.50 
Pn/Q= 5.85/2.50 = 2.34 kips/weld 
(2.34 kips/weld)(2 welds) = 4.68 kips> 4.0 kips OK (ASD) 
4. LRFD design strength 
<p =0.55 
<PPn =0.55(5.85) = 3.22 kips/weld 
(3.22 kips/weld)(2 welds) = 6.44 kips> 6.0 kips OK (LRFD) 
Using Connection Tables 
U sing Table IV -1 the design strength based on sheet shear could have been determined 
as follows: 
1. Sheet shear, Table IV -1 for two 2" fillet welds with sheet thickness = 0.060 in. 
L/t=2.0 inches/0.060 inch = 33.3 225 
P'n=2.93 kips/inch (from Table IV-I) 
Pn =(2)(2.93)(2) = 11.72 kips 
Q =2.5 (AS D) 
<p =0.55 (LRFD) 
Pn/Q = 11.72/2.5 = 4.69 kips> 4.0 kips OK (AS D) 
<PPn = (0.55)(11.72) = 6.45 > 6.0 kips OK (LRFD) 
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Example IV-2: Flat Section With Arc Spot Welded Connection 
L t = 0.060 in. 
Visible Diameter of Weld, d = 5/8 in. 
1.25 in. 1.25 in. 
5/8 in. Diameter 
--+ p 
Given: 
1. Steel: Fy = 50 ksi, Fu = 65 ksi 
2. E60 weld electrode. 
3. Detail of connection shown in sketch. 
Required: 
Detennine the allowable design strength, Pn/Q (ASD) and the design strength, q>Pn (LRFD). 
Solution: 
1. Weld Dimensions 
d =0.625 in. 
da =d - t = 0.625-0.060 = 0.565 in. 
de =O.7d - 1.5t S 0 .55d 
=0.70(0.625) - 1.5(0.060) = 0.348 in. < 3/8 in. N.G. 
0.55d =0.55(0.625) = 0.344 in. < 3/8 in. N.G. 
Per Section E2.2, minimum allowable effective diameter, de, is 3/8 in. Weld procedures 
must be established and welds measured to assure that a 3/8 inch effective diameter can be 
consistently achieved. 
2. Design strength based on weld strength (Section E2.2.1(a» 
2 
Pn = 1t!e 0.75 Fxx 
Using E60 electrode, Fxx = 60 ksi 
2 
Pn = 1t(0.!75) (0.75)(60)(2) = 9.94 kips 
IV 15 
(Eq . E2.2.1 - )) 
(Eq. E2.2.1-1 ) 
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=2.50 (ASD) 
=0.60 (LRFD) 
Pn/Q =9.94/2.5 = 3.98 kips (ASD) 
<t>Pn =0.60 (9.94) = 5.96 kips (LRFD) 
3. Design strength based on sheet strength (Section E2.2.1(b» 
daft = 0.565/0.060 = 9.42 
0.815jE/Fu = 0.815 j295OO/65 = 17.4 
Since daft < 0.815 jE/Fu 
Pn =2.20tdaFu 
=2.20(0.060)(0.565)(65)(2) = 9.70 kips 
n =2.50 (ASD) 
<t> =0.60 (LRFD) 
Pn/Q =9.70/2.50 = 3.88 kips (ASD) 
<t>Pn =0.60(9.70) = 5.82 kips (LRFD) 
f-CONTROLS 
f-CONTROLS 
4. Design strength based on edge distance and spacing requirements (Section E2.2.1) 
a. FuiFy = 65/50 = 1.3 > 1.08 
For FuIFy ~ 1.08 
n =2.0 (ASD) 
<t> =0.70 (LRFD) 
For ASD, emin = ~~ 
. P = eminFut = (1.25)(65)(0.060) = 244 k' / Id 
. . Q 2.0 . IpS we 
For 2 welds; P = 4.88 kips (ASD) 
For LRFD, emin = Pu/<t>Fut 
:. Pu = emin <t> Fut = (1.25)(.7)(65)(0.060) = 3.41 kips/weld 
For 2 welds, Pu = 6.82 kips (LRFD) 
b. Edge distance shall not be less than 1.5d. 
1.5d = 1.5(0.625) = 0.94 in. < 1.0 in. OK 
c. Clear distance between welds shall not be less than 1.0d. 
1.0d = 1.0(0.625) = 0.625 in. 
Clear distance = 1.250 - 2(0.625/2) = 0.625 in. = 0.625 in. OK 
d. Clear distance between welds and end of member shall not be less than 1.0d. 
1.0d = 1.0(0.625) = 0.625 in. 
Clear distance = 1.250 - 0.625/2 = 0.938 in. > 0.625 in. OK 
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5. No weld washers required because t = 0.060 in. > 0.028 in. 
6. Tensile strength of the plate (Section C2) 
Tn = AnFy 
Tn = (3.75)(0.060)(50 ksi) = 11.3 kips 
n t = 1.67 
<Pt =0.95 
T n/nt = 11.3/1.67 = 6.77 kips (ASD) 
<PtT n = (.95)(11.3) = 10.7 kips (LRFD) 
Using Connection Tables 
Using Table IV-2 the design strength based on weld shear and sheet shear could have 
been determined as follows: 
1. Check weld shear as above: 
Pn =4.97(2) = 9.94 kips 
Pn/n =9.94/2.50 = 3.98 kips (ASD) 
<PPn =(0.60)(9.94) = 5.96 kips (LRFD) 
2. Shear of sheet, Table IV-2: 
Pn =(4.85)(2) = 9.70 kips 
Pn/n =9.70/2.5 = 3.88 kips (ASD) 
<1>Pn =(0.60)(9.70) = 5.82 kips (LRFD) 
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Example IV-3: Flat Section With Arc Seam Welded Connection 
-
1.50 in. 1.50 in . 
1/2"x 1-1/2· 
p+-- 1.50 in. 4.50 in. ---. p 
1.50 in. 
Given: 
1. Steel: Fy = 50 ksi , Fu = 65 ksi 
2. E60 Weld Electrode, Fxx = 60 ksi 
3. Total Required Strength: P = 2.9 kips (ASD), Pu = 4 .1 kips (LRFD) 
4. Detail of connection shown in sketch. 
Required: 
Design the connection to transmit the required strength kips using arc seam welds. 
Try d = 112 in. 
Solution: 
1. Design strength based on weld strength (Section E2.3(a)) 
Q =2.50 (ASD) 
<p =0.60 (LRfD) 
[ Jtd~ L] Pn = 4 + d e 0.75Fxx 
L = 1.5 in ., or maximum 3d, 3(0.5) = 1.5 in. OK 
da =0.50 - 0.060 = 0.44 in . 
de =O.7d - 1.5t 
=0.7(0.50) - 1.5(0.060) = 0.260 in. 
Pn = [)(O;W + (1.50)(0.26) }0.75)(60) 
= 19.9 kips 
Pn/Q = 19.9/2.50 = 7.96 kips (ASD) 
q>Pn =(0.60)(19.9) = 11.9 kips (LRFD) 
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n =2.50 (ASD) 
<\> =0.60 (LRFD) 
Pn =2.5tFuCO.25L + 0.96da) 
=2.5(0.060)(65) [0.25(1 .5) + 0.96(0.44)] = 7.77 kips 
ASD 
Pn/Q =7.77/2.50 
=3.11 kips> P = 2.9 kips OK 
LRFD 
<l>Pn =0.60(7.77) 




3. Determine minimum edge distance in line of force (Section E2.2.1) 
a. FuIFy = 65/50 = 1.3 > 1.08 
For FuIFy > 1.08; 
n =2.0 (ASD) 
<\> = 0.70 (LRFD) 
ASD 
=(2.9)(2.0)/[(65)(0.060)] = 1.49 in. OK 
LRFD 
=4.1/[(0.70)(65)(0.060)] = 1.50 in. OK 
b. Edge distance shall not be less than 1.5 d. 
1.5d = 1.5(0.50) = 0.75 in. < 1.50 in . OK 
(Eq . E2.2.1-6a) 
(Eq. E2.2.1-6b) 
c. Clear distance between weld and end of member shall not be less than] .Od. 
1.0d = 1.0(0.50) = 0 .50 in . Clear distance = ] .50 - 0 .25 = ] .25 in. > 0.50 in. OK 
4. Use arc seanl welded connection per sketch with E60 electrode and d = 112 in. 
IV-J9 
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Example IV-4: Flat Section With Flare Bevel Groove Weld 
1/8 3.50 
Given: 
1. Steel: Fy = 50 ksi, Fu = 65 ksi 
2. Required Strength, P dead = 1.0 kips P1ive = 3.0 kips 
3. Detail of connection shown in sketch. 
4. Transverse loading. 
Required: 
Design the welded connection to transfer the required strength. 
Solution: 
1. Required Strength 
ASD 
P =Pdead + Plive 
= 1.0 + 3.0 = 4.0 kips (ASD) 
LRFD 
Pu = 1.2 P dead + 1.6 Plive 
= 1.2 (1.0) + 1.6 (3.0) = 6.0 kips (LRFD) ~ CONTROLS 
or 
Pu = 1.4 P dead + 1.0 Plive 
= 1.4 (1.0) + 1.0 (3.0) = 4.4 kips (LRFD) 
2. Design strength of flare-bevel groove welds, transverse loading: 
n =2.5 (ASD) 
$ =0.55 (LRFD) 
Pn =O.833tLFu 
3. Solve for L 
(Eq. E2.5-1) 
(Eq. AS.t.t-I) 
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P ~0.833tLFu/n 
:. L ~np/[(0.833)(t)(Fu)] 





L ~6.0/[(O.55)(O.833)(0.060)(65)] = 3.36 in. (LRFD) 
IV-21 
(Eq. A6.1.1-l) 
IV 22 Connections for use with the 1996 AISI Cold-Fonned Steel Specification 
Example IV-S: Flat Section With Groove Welded Butt Joint 
• ? 
l t = 0.135 in. 
T 
B.O in. 
P -4- ~P 
Given: 
1. Steel: Fy = 50 ksi 
2. Electrode: Fxx = 60 ksi 
3. Detail of connection shown in sketch. 
Required: 
l. Determine the design tensile strength, q,Pn, normal to the effective area. 
2. Determine the design shear strength, q,Pn, on the effective area. 
Solution: 
1. Design tensile strength, q,Pm normal to the effective area (Section E2.1(a» 






2. Design shear strength, q,Pn, on the effective area (Section E2.1(b») 
(Pn)} = Lte(0.6Fxx) (Eq. E2.1-2) 





(Pnh =LteCFy/j3) (Eq. E2.1-3) 






Since <1>(Pnh < q,(Pn) 1 , 
q,Pn = 28.1 kip 
IV-23 
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4.2 Bolt Example 
Example IV-6: Flat Section With Bolted Connection 
, L t = 0.105 in. 
Bolt Diameter = 1/2 in. 





lJ·Oin 4.0 in . 




1. Steel: Fy = 33 ksi, Fu = 45 ksi. 
2. Bolts confonning to ASTM A307 with washers under bolt head and nut. 
3. Detail of connection shown in sketch. 
Required: 
Detennine the ASD design strength, Pn/O, and the LRFD design strength, <t>Pn 
Solution: 
Thickness of thinnest part connected, t 
t = 0.105 in. < 3/16 in. 
Therefore, Section E3 applies. 
1. Design strength based on spacing and edge distance (Section E3.1) 
a. FulFy = 45/33 = 1.36 > 1.08 
For FulFy > 1.08 
o = 2.0 (ASD) 
<t> = 0.70 (LRFD) 
Pn = teFu 
= 0.105(1)(45) = 4.73 kipslbolt 
Pn/O = (2)(4.73)/2.0 = 4.73 kips (ASD) 
<t>Pn = (0.7)(2)(4.73) = 6.62 kips (LRFD) 
b. Distance between bolt hole centers must be greater than 3d. 
(Eq. E3.I-I) 
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3d =3(0.50) = 1.50 in. < 2.00 in. OK 
c. Distance between bolt hole center and edge of connecting member must be greater 
than than 1.5d. 
1.5d = 1.5(0.50) = 0.75 in. < 1 in. OK 
2. Design strengths based on tension on net section (Section C2) 
Nominal tension strength on net section of bolted connection shall not exceed Tn from 
Section C2: 
An - based on Table E3 
An =0.105 [4 - 2(1/2 + 1/16)] = 0.302 in.2 
Tn =AnFy = (0.302)(33) = 9.97 kips 
.ot = 1.67 (ASD) 
<Pt =0.95 (LRFD) 
Tn/.ot =9.97/1.67 = 5.97 kips (ASD) 
<PtTn =0.95(9.97) = 9.47 kips (LRFD) 
or Pn from Section E3.2: 
Since washers are provided under both bolt head and nut 
Pn =( 1.0 - 0.9r + 3rd/s)FuAn~FuAn 
where: 
r = 1.0 since there is only one line of bolts 
d =0.50 in. 
s =2.00 in. 
Pn =[1.0-0.9(1.0) + 3(1.0)(0.50)/2.00](45)(0.302) 
= 11.55 kips < 45(0.302) = 13.59 kips OK 
.0 =2.22 for single shear connection (ASD) 
<P =0.55 for single shear connection (LRFD) 
Pn/Q= 11.55/2.22 = 5.20 kips (ASD) 
<PPn =0.55( 11.55) = 6.35 kips (LRFD) 
3. Design strength based on bearing (Section E3.3) 
(Eq. C2-1) 
(Eq. E3.2-l) 
For single shear with washers under bolt head and nut; 0.024 in.~ t = 0.105 in. < 3116 in. 
From Table E3.3-1 
Pn =3.00Fudt = 3.00(45)(0.50)(0.105) = 7.09 kipslbolt 
.0 =2.22 (ASD) 
ct> =0.60 (LRFD) 
Pn/Q = (2)(7.09)/2.22 = 6.39 kips (ASD) 
~Pn =(0.60)(2)(7.09) = 8.51 kips (LRFD) 
4. Design strength based on bolt shear (Section E3.4) 
IV-25 
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Pn =AbF 
Ab =(nI4)(0.50)2 = 0.196 in.2 
F =Fnv = 27 ksi (Table E3.4-I, d ~ 112 in.) 
Pn =(27)(0.196) = 5.29 kips/bolt 
0. =2.4 
<I> =0.65 
Pn/o. =(2)(5.29)/2.4 = 4.41 kips (AS D) 
CPPn =0.65(2)(5.29) = 6.88 kips (LRFD) 
5. Determine governing limit state 
(Eq. E3.4-1) 
Comparing the values from I, 2, 3, and 4 above for ASD, the allowable design tensile 
strength on the bolt shear controls: 
Pa =4.41 kips 
Comparing the values from 1,2,3, and 4 above for LRFD, the design tensile strength on 
the net section of the connected part controls and 
CPPn =6.35 kips 
Using Connection Tables: 
1. Using Table IV -6a the design strength based on bearing could have been deter-
mined as follows: 
Pn =(67.5)(0.105)(2) = 14.18 kips 
Pa =Pn/Q = 14.18/2.22 = 6.39 kips (ASD) 
<l>Pn =(0.6)(14.18) = 8.51 kips (LRFD) 
2. Using Table IV -5 the design strength based on bolt shear could have been deter-
mined as follows: 
Pn =(5.30)(2 bolts) = 10.6 kips 
Pn/Q = 10.6/2.4 = 4.42 kips (ASD) 
CPPn =(0.65)( 1 0.6) = 6.89 kips (LRFD) 
3. Check net section and edge distance as above. Spacing and edge distance controls 
for ASD. Tension on net section controls for LRFD. 
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4.3 Screw Example 




t = 0.036. in . 
Fy = 55 ks~ 
Fu : 65 kSI t 
",,,C\,,,, 
Given: 
1. Screw: #10 Self-drilling; 
d = 0.190 in . 
dw = 0.3175 in. 
Per Manufactures data and tests 
Tn = 2.42 kips, V n = 1.40 kips 
ill = 3.1 nv= 3.2 
<l>t = 0.48 <l>v = 0.47 
2. Detail and materials as shown above. 
Required: 
~ Base Material 
t = 0.060 in. 
Fy = 36 ks~ 
Fu = 45 kSI 
Determine the shear design strength and the tensile design strength using ASD and LRFD. 
Solution: 
1. Shear Design Strength (Section E4.3) 
a. Connection shear 
t 1 = 0.036 in. 
t2 = 0.060 in. 
t2/tl = 0.06010.036 = 1.67, therefore Pns is the smaller of 
Pnsl =4.2(tid )1/2Fu2 
=4.2[(0.060)3(0.190)]112(45) = 1.21 kips 
Pns2 =2.7t} dFul 
=2.7(0.036)(0.190)(65) = 1.20 kips 
Pns3 =2.7t2dFu2 
=(2.7)(0.060)(0.190)(45) = 1.39 kips 




(Eq. E4.3 .1-3) 
Interpolation per the last sentence of Section E4.3 .1 wil1 not change the result since both cases have the 
same value. 
ASD design strength 
~s = Ij~g = 0.400 kips 
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LRFD design strength 
<t>Pns =(0.5)0.20) = 0.600 kips 
The connection tables IV -7 a and IV -7b cannot be used because they assume that steels with identical Fu 
are used for both sheets, which is not the case in this example. 
b. Shear in Screws 
Per Section E4.3.2, the nominal shear strength tested shall not be less than 1.25 Pns. 
V n = 1.50 kips per manufacturer 
1.25 Pns = 0.25)( 1.20) = 1.50 = V n OK 
ASD design strength 
V 0 = 1.50 = 0.469 kips 
Q v 3.2 
LRFD design strength 
<t>v V n =(0.47)(1.50) = 0.705 kips 
For both ASD and LRFD, connection shear governs over screw shear. 
2. Tension Design Strength (Section E4.4) 
a. Pull-out 
Pnot = 0.85tcdFu2 
= (0.85)(0.060)(0.190)(45) 
= 0.436 kips 
b. Pu 11-0 ver 
Pnov = 1.5tJdwFul 
= (1.5)(0.036)(0.3175)(65) 
= 1.11 kips 
Pull-out governs 
ASD design strength 
Po 0.436 kips _ 0 145 k' 
o 3.0 -. IpS 
LRFD design strength 
<t>Pn = (0.5)(0.436) = 0.218 kips 
c. Tension in screw 
Per Section E4.4.2, the nominal tensile strength tested shall not be less than 1.25 times 
the lesser of P not or P nov. 
Tn = 2.42 kips 
1.25Pnot = (1.25)(0.436) = 0.545 kips ~ 2.42 kips OK 
ASD design strength 
To = 2.42 = 0.781 kips 
Or 3.1 
LRFD design strength 
<t>tTn =(0.48)(2.42) = 1.16 kips 
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PREFACE 
This edition of the AISI Specification for the Design of Cold-Formed Steel Structural Members provides 
an integrated treatment of two design methods, Allowable Stress Design (ASO) and Load and Resistance 
Factor Design (LRFD). As outlined in the Scope, both methods are equally acceptable. This edition of 
the Specification thus combines and replaces the earlier versions that treated the two design methods sep-
arately. It has evolved through numerous editions from the first Specification adopted in 1946. Thus, the 
1996 Specification represents fifty years of progress in the formal structural application of cold-formed 
steel. 
The Specification provides well defined procedures for the design of load carrying cold-formed steel 
members in buildings, as well as in other applications provided that proper allowances are made for dy-
namic effects. The provisions reflect the results of continuing research to develop new and improved in-
formation on the structural behavior of cold formed steel members. The success of these efforts is evi-
dent in the wide acceptance of the Specification. 
The AISI Committee on Specifications for the Design of Cold-Formed Steel Structural Members has de-
veloped and revised the provisions . This is a consensus group with a balanced membership including 
representatives from steel producers, fabricators, users, educators, researchers, and building codes. It is 
composed of engineers with a wide range of experience and high professional standing, from throughout 
the United States, as weB as other countries. AISI acknowledges the continuing dedication by the mem-
bers of the Committee and its Subcommittees. The current membership list follows this Preface. 
Changes in this edition of the Specification inc1ude the fol1owing: 
-Effective width (B4.2): 
New equation for determining k 
-Flexural members, lateral buckling strength (C3.1.2): 
- Equation for calculating the critical moment that previously applied only to 1- and 
Z-sections bent about the x axis now applies to singly, doubly and point symmetric 
sections 
• New equation for Cb 
-Beams having one flange fastened to a standing seam roof systems (C3 .1.4): 
New method to determine flexural capacity of a standing seam roof system 
-Flexural members, web crippling strength (C3.4): 
Capacity increased by 30 percent for end reaction of Z-section bolted to end sup-
port and meeting other criteria 
-Flexural members, combined bending and web crippling (C3.S): 
Specific provisions added for nested Z-sections over a support 
-Concentrically loaded compression members (C4): 
• New column equations, which also apply to cylindrical members (C6.2) 
_ Eliminated additional equation for C and Z-sections and single angle sections with 
un stiffened flanges 
-Combined axial load and bending (CS): 
New provisions for combined axial tension and bending 
-Lateral bracing, C- and Z-section beams, neither flange connected to sheathing (03.2.2): 
Eliminated provision for bracing at quarter points and at center of loaded length 
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-Wall studs and wall stud assemblies (D4): 
- New provisions for calculating the effective area of studs with non-circular web 
perforations 
- Revised table for determining shear rigidity of sheathing 
-Diaphragm construction (DS): 
New table of safety factors (ASD) and resistance factors (LRFD) for diaphragms 
-Arc spot welds in tension (E2.2): 
New provisions for arc spot welds 
-Screw connections (E4): 
New section on screw connections, including shear and tension 
The effort of the staff of Computerized Structural Design, S.C., Milwaukee, Wisconsin, who coordinated 
and processed the changes in the provisions, is appreciated. 
The development and publication of the Specification are sponsored by the AISI Construction Market 
Committee. 
Users of the Specification are encouraged to offer comments and suggestions for improvements. 
American Iron and Steel Institute 
June, 1997 
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SYMBOLS AND DEFINITIONS 
Symbol Definition Section 
A Ful1 unreduced cross-sectional area of the member C3.1.2. C4.4. C6.2. D4.1 
Ab b j t + As, for transverse stiffeners at interior support and under B6.1 
concentrated load, and b2t + As, for transverse stiffeners at end 
support 
Gross cross-sectional area of bolt 
18t2 + As, for transverse stiffeners at interior support and 
under concentrated load, and 10t2 + As, for transverse 
stiffeners at end support 




Ae Effective area at the stress Fn 86.1. C4. C6.2. D4.1. D4 
Aef Effective area of stiffener B5 
An Net area of cross-section C2, E3 .2 









Cross-sectional area of transverse stiffener 
Effective area of stiffener 
Cross-sectional area of edge or intermediate stiffener 
Gross area of shear stiffener 
Net web area 
Bearing area 
Full cross-sectional area of concrete support 
Shear panel length of the unreinforced web element. For a 
reinforced web element, the distance between transverse 
stiffeners 
Fastener distance from outside web edge 
Length of bracing interval 
B6 .1 















Tenn for determining the tensi Ie yield point of comers 
Effective design width of compression element B2.1. B2 .2. B2 .3. B3 .1. B3 .2. 









Effective width for deflection calculation 
Effective design width of sub-element or element 
See Figure B4-1 
Effective widths defined by Figure B2.3-1 
Effective widths of transverse stiffeners 
For flexural members. ratio of the total comer cross 
-sectional area of the controlling flange to the full cross 
-sectional area of the controHing flange 
Bending coefficient dependent on moment gradient 
C4A. D3 .2 1 
821.B22 
B2 .3. B) 
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SYMBOLS AND DEFINITIONS 
Definition 
End moment coefficient in interaction formula 
Coefficient for lateral bracing of Z-section 
End moment coefficient in interaction formula 
End moment coefficient in interaction formula 
Initial column imperfection 
Correction Factor 
Coefficient for lateral torsional buckling 
End moment coefficient in interaction formula 
Coefficient for lateral bracing of Z-sections 
Coefficient for lateral bracing of Z-sections 
Shear stiffener coefficient 
Torsional warping constant of the cross-section 
Compression strain factor 
Tenn used to compute shear strain in wall board 
Coefficients as defined in Figure B4--2 
Web crippling coefficients 
Axial buckling coefficients 
Amount of curling (length) 
Outside diameter of cylindrical tube 
Overall depth of lip 
Shear stiffener coefficient 
Nominal dead load 
Initial column imperfection 
Depth of section 
Nominal screw diameter 
Width of arc seam weld 
Visible diameter of outer surface of arc spot weld 
Diameter of bolt 
Average diameter of the arc spot weld at mid-thickness of t 
Average width of seam weld 




















C6, C6.1, C6.2 
B1.1, B4, B4.2, D1.1 
B6.2 
A4.1, AS.l.2, A6.1.2 
D4.1 
B 1.1, B4, C3.1.2, C3.1.3, 
C4.4, Dl.l, D3.2.l, D3.2.2, 
D4, D4.1 




E3, E3.1, E3.2.E3.3, E3.4 
E2.2.1, E3.2.2 
E2.3 
E2.2, E2.2.1, E2.2.2 
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SYMBOLS AND DEFINITIONS 
Symbol Definition 
de Effective width of arc seam weld at fused surfaces 
dh Diameter of standard hole 
ds Reduced effective width of stiffener 
d's Actual effective width of stiffener 
dwc Coped web depth 
dwx Screw head or washer diameter 
dw Larger of the screw head or washer diameter 
E Modulus of elasticity of steel, 29,500 ksi (203 000 MPa) 
E Nominal earthquake load 
Eo Initial column imperfection; a measure of the initial twist of 
the stud from the initial, ideal, unbuckled location 
E 1 Term used to compute shear strain in wallboard 
E' Inelastic modulus of elasticity 
e The distance measured in the line of force from the center 
of a standard hole to the nearest edge of an adjacent hole 
Fnt 
Fnv 
or to the end of the connected part toward which the force is 
directed 
Minimum allowable distance measured in the line of force 
from the centerline of a weld to the nearest edge of an 
adjacent weld or to the end of the connected part toward which 
the force is directed 
Yield strain = FyIE 
Nominal load due to fluids 
Fabrication factor 
Elastic buckling stress 
Nominal tensile or shear strength 
Mean value of the fabrication factor 
Nominal buckling stress 
Nominal tensile strength of bolts 
Nominal shear strength of bolts 
Section 
E2.3 






B 1.1, B2.l, B4, B5, B6.l, B6.2, 
C3.1.1, C3.1.2, C3.2, C3.4, 
C3.5.1, C3.5.2, C4.1, C4.4, 
C5.2.1, C5.2.2, C6, C6.1, C6.2, 
Dl.2, D3.3, D4.1, E2.2.1, E2.2.2 







A4.1, A5.1.4, A6.1.3 
FLI 
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SYMBOLS AND DEFINITIONS 
Symbol Definition 
F' nt Nominal tensile strength for bolts subject to combination 







Yield point as specified in Sections A3.1 or A3.3.2 
Tensile strength as specified in Sections A3.1 or A3.2 
Tensile strength of virgin steel specified by 
Section A3 or established in accordance with Section F3.3 
Yield point for design of transverse stiffeners 
Strength level designation in AWS electrode classification 
Tensile strength of member in contact with the screw head 
Tensile strength of member not in contact with the screw head 
Yield point used for design, not to exceed the specified 
yield point or established in accordance with Section F3, 
or as increased for cold work of forming in Section 
A 7.2 or as reduced for low ductility steels in Section A3.3.2 
Average yield point of section 
Tensile yield point of comers 
Weighted average tensile yield point of the flat portions 
Yield point of stiffener steel 
Tensile yield point of virgin steel specified by Section 
A3 or established in accordance with Section F3.3 
Stress in the compression element computed on the basis 
of the effective design width 
Average computed stress in the full, unreduced flange 
width 
Stress at service load in the cover plate or sheet 
Specified compression strength of concrete 
Computed compressive stress in the element being 
considered. Calculations are based on the effective 
section at the load for which deflections are determined. 
Section 
E3.4 
A 1.2, A3.3.2, E2.2.1, E3.1, E3.3 
A3.3.2, E2.2.1, E2.2.2, E2.3, 
E2.4, E2.5, E3.1, E3.2, E3.3, E5 
A7.2 
B6.l 
E2.1, E2.2.1, E2.2.2, E2.3, B2.4, 
E2.5 
E4, E4.3.1, E4.4.2 
E4, E.4.3.1, E4.4.1 
Al.2, A3.3.2, A7.1, A7.2, 
B2.1, B5, B6.1, B6.2, C2, 
C3.1.1, C3.1.2, C3.I.3, C3.2, 
C3.4, C3.5.1, C3.5.2, C4, C5.1.2, 
C5.2.1, C5.2.2, C6, C6.1, C6.2, 











B2.1, B2.2, B3.1, B4.1, B4.2 
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SYMBOLS AND DEFINITIONS 
Symbol Definition 
fd}, fd2 Computed stresses f} and f2 as shown in Figure B2.3-1. 
Calculations are based on the effective section at the load 
for which deflections are determined 
Computed stress f3 in edge stiffener, as shown in Figure 
B4-2. Calculations are based on the effective section at 
the load for which deflections are determined 
Computed shear stress on a bolt 
Web stresses defined by Figure B2.3-1 
Edge stiffener stress defined by Figure B4-2 
Shear modulus of steel, 11,300 ksi (78 000 MPa) 









g Vertical distance between two rows of connections D I .1 
nearest to the top and bottom flanges 
H Nominal load due to the weight and lateral pressure of soil and A4.1, A5.1.4, A6.] .3 
water in soil 
V 15 




Adequate moment of inertia of stiffener so that each 
component element will behave as a stiffened element 
Actual moment of inertia of the full stiffener about its own 
centroidal axis parallel to the element to be stiffened 
Moment of inertia of the full area of the multiple stiffened 
element, including the intermediate stiffeners, about its 
own centroidal axis paral1el to the element to be stiffened 
Moment of inertia of full section about principal axis 
Product of inertia of full section about major and minor 
centroidal axes 
Moment of inertia of the compression portion of a section 
about the centroidal axis of the entire section parallel to 
the web, using the full unreduced section 
St. Venant torsion constant 
Section property for torsional-flexural buckling 
C3.5.], C3.5.2 
B1.I, B4, B4.1, B4.2 
B 1.1, B4, B4.I , B4.2, B5, B6.2 
B5 






V-16 1996 AISI Cold-Fonned Steel Specification 
SYMBOLS AND DEFINITIONS 
Symbol Definition 
K Effecti ve length factor 
K' A constant 
Kt Effective length factor for torsion 
Kx Effective length factor for buckling about x-axis 
Ky Effective length factor for buckling about y-axis 
k Plate buckling coefficient 
k 894FyIE 
ka Plate buckling coefficient 
ku Plate buckling coefficient 
kv Shear buckling coefficient 
L Full span for simple beams, distance between inflection 






Length of weld 
Length of seam weld not including the circular ends 
Length of fillet weld 
U nbraced length of member 
Overall length 
Nominal live load 
Nominal roof live load 
Length of transverse stiffener 
Unbraced length of compression member for torsion 
Unbraced length of compression member for bending 
about x-axis 
Unbraced length of compression member for bending 
about y-axis 
Mmax, Absolute value of moments in an unbraced segment, used 
MA, MB for determining Cb 
Me 
Critical moment 
Elastic critical moment 
Mean value of the material factor 
Nominal flexural strength 
Section 
C4, C4.l, 04.1 
03.2.2 
C3.1.2 
C3.1.2, CS.2.1, CS.2.2 
C3.1.2, C5.2.1, C5.2.2 










C3.1.2, C4, C4.1, C5.2.1, C5.2.2, 
01.1, D4.1 
04,04.1 
A4.1, A5.1.2, A6.1.2 
A4.1, A5.1.2, A6.1.2 
B6.1 
C3.1.2 
C3.1.2, CS.2.1, CS.2.2 





B2.1, C3.l, C3.1.1, C3.1.2, 
C3.1.3, C3.3.2, C6.1 
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Required flexural strength, for ASO 
Nominal flexural strengths about the centroidal axes 
determined in accordance with Section C3 
Nominal flexural strengths about the centroidal axes 
determined in accordance with Section C3.1 excluding 
the provisions of Section C3.1.2 
Nominal yield moment for nested Z-sections 
Nominal flexural strengths about the centroidal axes 
determined using the gross, unreduced cross-section 
properties 
Required flexural strength with respect to the centroidal 
axes, for ASO 
Required flexural strength, for LRFO 
Required flexural strength with respect to the centroidal 
axes, for LRFO 
Moment causing a maximum strain ey 
Smaller end moment 
Larger end moment 
Degrees of freedom 
Term for determining the tensile yield point of comers 
Web crippling parameter 
Distance from the shear center of one C-section to the 
mid-plane of its web 
Actual length of bearing 
Number of holes 
Number of tests 
Number of parallel purlin lines 
Nominal loads, forces, and effects due to ponding 
Required strength for the concentrated load or reaction in 
the presence of bending moment, for ASD 
Required strength (nominal force) transmitted by weld, 
for ASD 
Required compressive axial strength, for ASD 
Professional factor 
Elastic buckling strengths 
Section 
C3.3.1, C3.5.1 
C5.1.1, C5.1.2, C5.2.1, C5.2.2, 
04.3 
C3.3.2, C3.5.2, D4.2, 04.3 
C3.5.1, C3.5.2 
C5.1.1, C5.1.2 
C4, C5.1.1, C5.2.l 
C3.3.2, C3.5.2 
C4, C5.1.2, C5.2.2 
B2.1, C3.1.2 
C3.1.2, C5.2.1, C5.2.2 
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SYMBOLS AND DEFINITIONS 
Symbol Definition 
PL Force to be resisted by intennediate beam brace 
Pm Mean value of the tested-to-predicted load ratios 
Pn Nominal web crippling strength of member 


























Nominal strength of connection component 
Nominal bearing strength 
Nominal axial strength of member detennined in accordance 
with Section C4 with Fn = Fy 
Nominal pull-out strength per screw 
Nominal pull-over strength per screw 
Nominal shear strength per screw 
Nominal tension strength per screw 
Nominal bearing capacity on concrete 
Concentrated load or reaction 
Required compressive axial strength, for LRFD 
Required strength (factored force) transmitted by weld, 
for LRFD 
Required strength for the concentrated load or reaction in the 
presence of bending moment, for LRFD 





Design load in the plane of the web 
Required strength, for ASO 
Reduction factor 
Coefficient 
Inside bend radius 
Allowable design strength 
Nominal strength 
Average value of all test results 
Nominal roof rain load 
Required strength, for LRFD 




C3.4, C3.5.1, C3.5.2 
A3.3.1, B6.1, C4, C4.4, C5 .2.l, 
C5.2.2, C6.2, 04.1, 04.3 
E2.1, E2.2.1, E2.2.2, E2.3, E2.4, 
E2.5, E2.6, E3.1, E3.2, E3.4 
E3.3 
C5.2.1, C5.2.2 
E4, E4.4.1, E4.4.3 
E4, E4.4.2, E4.4.3 
















A 7.2, C3.4, C3.5.1, C3.5.2 
Fl.2 
A1.2, A5 .1.!, A6.1.1, F2 
F1.1, Fl.2 
A4.l, A5.1.2, A6.1.2 
A6.1.1 
C4, C4.l 
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SYMBOLS AND DEFINITIONS 
Symbol Definition 
r Force transmitted by the bolt or bolts at the section 
















Radius of gyration of one C-section about its centroidal 
axis parallel to web 
Radius of gyration of I-section about the axis per-
pendicular to the direction in which buckling would 
occur for the given conditions of end support and 
intermediate bracing 
Polar radius of gyration of the full cross-section about the 
shear center 
Radius of gyration of the full cross-section about the 
centroidal principal axis 
1.28jE/f 
Nominal snow load 
Elastic section modulus of the effective section calculated 
at a stress Me/Sf in the extreme compression fiber 
Elastic section modulus of the effective section calculated 
with extreme compression or tension fiber at Fy 
Elastic section modulus of full, unreduced section for the 
extreme compression fiber 
Section modulus of the full section for the extreme tension 
fiber 
In-plane diaphragm nominal shear strength 
Fastener spacing 
Spacing in line of stress of welds, rivets, or bolts connecting 
a compression coverplate or sheet to a non-integral 
stiffener or other element 
Weld spacing 





C3.1.2, C4.2, 04.1 
C3.1.2, 04.1 
B4, B4.1, B4.2 
A4.l, AS.1.2, A6.1.2 
B2.1, C3.1.2 
C3.1.1, C3.1.3 
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SYMBOLS AND DEFINITIONS 
Symbol Definition 
smax Maximum pennissible longitudinal spacing of welds or 
other connectors joining two C-sections to fonn an I-section 
T Self-straining forces and effects 
T Required tensile axial strength, for ASD 
Tn Nominal tensile strength 
Ts Design strength of connection in tension 
T u Required tensile axial strength, for LRFD 
t Base steel thickness of any element or section 
t Thickness of coped web 
t Total thickness of the two welded sheets 
t Thickness of thinnest connected part 
t 1 Thickness of member in contact with the screw head 
t2 Thickness of member not in contact with the screw head 
tc Lesser of the depth of the penetration and t2 
te Effective throat dimension for groove weld 
ts Equivalent thickness of a multiple-stiffened element 
tw Effective throat of weld 
V Required shear strength, for ASD 
V F Coefficient of variation of the fabrication factor 
V M Coefficient of variation of the material factor 
V n Nominal shear strength 
V p Coefficient of variation of the tested-to-predicted load ratios 
V Q Coefficient of variation of the load effect 
V u Required shear strength, for LRFD 
W Design load supported by all purlin lines being restrained 
W Nominal wind load 
w Flat width of element exclusive of radii 
w Flat width of the beam flange which contacts the 
bearing plate 
wf Width of flange projection beyond the web or half the 
distance between webs for box- or V-type sections 
Section 
Dl.l 
A4.1, A5.1.4, A6.1.3 
C5.l.l 
C2, C5.l.l, C5.l.2 
Dl.l 
C5.1.2 
A1.2, A3.4, A7.2, Bl.l, 
B 1.2, B2.l, B2.2, B4, B4.1, 
B4.2, B5, B6.l, B6.2, C3.I.l, 
C3.2, C3.4, C3.S.l, C3.S.2, C4.4, 
C6, C6.1, C6.2, D1.I, D1.2, D4 
ES 
E2.2.l, E2.2.2 
E2.3, E2.4, E2.5, E3.l, E3.2, 
E3.3 
E4, E4.3.1, E4.4.2 













A4.l, A5.1.2, A6.1.2 
B 1.1, B2.l, B2.2, B3.1, B4, 
B4.l. B4.2, BS, C3.I.I, D1.2 
C3.5.1, C3.S.2 
B1.1 
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SYMBOLS AND DEFINITIONS 
Symbol Definition Section 
Wf Projection of flanges from inside face of web B1.1, 01.1 
WI Leg on weld E2.4 
W2 Leg on weld E2.4 
x Distance from concentrated load to brace D3.2.2 
x N on-dimensional fastener location C4.4 
xo Distance from shear center to centroid along the principal C3.1.2, C4.2, D4.1 
x-axis 
Y Yield point of web steel divided by yield point of B6.2 
stiffener steel 
a Parameter in detennining the effective area of a stiffener B5 
l/ax, Magnification factors C5.2.1, C5.2.2 
l/ay 
~ Coefficient C4.2, 04.1 
~o Target reliability index Fl.1 
Y Actual shear strain in the sheathing D4.1 
y Pennissible shear strain of the sheathing D4.1 
Yi Load factor Fl.1 
9 Angle between web and bearing surface >45
0 but no C3.4 
more than 900 
9 Angle between the vertical and the plane of the web of D3.2.1 
the Z-section, degrees 
9 Angle between an element and its edge stiffener B4, B4.2 
A, Ac Slenderness factors B2.1, B2.2, C3.5.1, C3.5.2, C4, 
C6.2 
AI, A2 Parameters used in detennining compression strain factor C3.1. ] 
~ Poisson's ratio for steel = 0.30 
C3.2 
P Reduction factor 
A 7.2, B 2.1, F3.] 
OCR Theoretical elastic buckling stress 
04.] 
oex (1t2E)/(fCxLx/rx)2 C3.1.2, C4.2 
(1t2E)/(L/rx)2 04.1 
Oexy (1t2E1xy)/(AL2) 04.] 
°ey (1t2E)/(lCy~/ry)2 C3.l.2 
(1t21!)/(~ry)2 04.1 
OtQ Ot+Qt 04.1 
at Torsional buckling stress 
C3.1.2, C4.2, 04.1 
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SYMBOLS AND DEFINITIONS 
Symbol Definition 
<t> Resistance factor 
Resistance factor for bending strength 
Resistance factor for concentrically loaded compression 
member 
Resistance factor for bearing strength 
Resistance factor for diaphragms 
Resistance factor for tension member 
Resistance factor for shear strength 
Resistance factor for web crippling strength 
f2/fl 
Factor of safety 
Factor of safety for bending strength 
Factor of safety for concentrically loaded compression 
member 
Factor of safety for bearing strength 
Factor of safety for diaphragms 
Factor of safety for tension member 
Factor of safety for shear strength 
Factor of safety for web crippling strength 
Section 
AI.2, A6.1.1, C3.5.2, C4.4, E2.l, 
E2.2.1, E2.2.2, E2.3, E2.4, E2.5, 
E2.6, E3.1, E3.2, E3.3, E3.4, E4, 
E4.3.2, E4.4, E4.4.3, E5, FI.I, 
F1.2 
C3.I.I, C3.I.2, C3.I.3, C3.3.2, 
C3.5.2, C5.I.2, C5.2.2, C6.l, 
04.2 








AI.2, A5.1.1, C4.4, E2.1, E2.2.1, 
E2.2.2, E2.3, E2.4, E2.5, E2.6, 
E3.1, E3.2, E3.3, E3.4, E4, 
E4.3.2, E4.4, E4.4.3, E5, F.l.2 
C3.I.l, C3.1.2, C3.1.3, C5.l.1, 
C5.2.1, C6.1, 04.2 
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SPECIFICATION FOR THE DESIGN OF 
COLD-FORMED STEEL STRUCTURAL MEMBERS 
A. GENERAL PROVISIONS 
A 1 Li mits of Applicability and Terms 
A 1.1 Scope and Limits of Applicability 
This Specification shall apply to the design of structural members cold-formed to 
shape from carbon or low-alloy steel sheet, strip, plate or bar not more than one inch (25.4 
mm) in thickness and used for load--carrying purposes in buildings. It shall be permitted 
to be used for structures other than buildings provided appropriate allowances are made 
for dynamic effects. 
Designs shall be made according to the provisions for Load and Resistance Factor 
Design, or to the provisions for Allowable Stress Design. Both methods are equally ac-
ceptable although they mayor may not produce identical designs. However, the two 
methods shall not be mixed in designing the various cold-formed steel components of a 
structure. 
A1.2 Terms 
Where the following terms appear in this Specification they shaH have the meaning 
herein indicated: 
(a) ASD (Allowable Stress Design). A method of proportioning structural components 
(members, connectors, connecting elements and assemblages) such that the allow-
able stress, allowable force, or allowable moment is not exceeded by the required 
strength of the component determined by the load effects of all appropriate combina-
tions of nominal loads. 
(b ) Cold-Formed Steel Structural Members. Cold-formed steel structural members are 
shapes which are manufactured by press-braking blanks sheared from sheets, cut 
lengths of coils or plates, or by roll forming cold- or hot-rolled coils or sheets; both 
forming operations being perfonned at ambient room temperature, that is, without 
manifest addition of heat such as would be required for hot forming. 
(c) Confirmatory Test. A confirmatory test is a test made, when desired. on members, 
connections, and assemblies designed according to the provisions of Chapters A 
through E of this Specification or its specific references, in order to compare actual 
versus calculated performance. 
(d) Design Strength. Factored resistance. q,Rn or allowable strength, Rr/n (force, mo-
ment, as appropriate), provided by the structural component. 
(e) Effective Design Width. Where the flat width of an element is reduced for design 
purposes, the reduced design width is termed the effective width or effective design 
width. 
(f) Flat-Width-to-Thickness Ratio. The flat width of an element measured along its 
plane, divided by its thickness. 
(g) Local Buckling. Buckling of elements only within a section, where the line junctions 
between elements remain straight and angles between elements do not change. 
(h) LRFD (Load and Resistance Factor Design). A method of proportioning structural 
components (members, connectors, connecting elements and assemblages) such 
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that no applicable limit state is exceeded when the structure is subjected to all ap-
propriate load combinations. 
(i) Multiple-Stiffened Elements. A multiple-stiffened element is an element that is 
stiffened between webs, or between a web and a stiffened edge, by means of inter-
mediate stiffeners which are parallel to the direction of stress. A sub-element is the 
portion between adjacent stiffeners or between web and intermediate stiffener or be-
tween edge and intermediate stiffener. 
(j) Nominal loads. The magnitudes of the loads specified by the applicable code not 
including load factors. 
(k) Nominal strength. The capacity of a structure or component to resist the effects of 
loads, as detennined by computations using specified material strengths and dimen-
sions and equations derived from accepted principles of structural mechanics or by 
field tests or laboratory tests of scaled models, allowing for modeling effects, and 
differences between laboratory and field conditions. 
(1) Performance Test. A perfonnance test is a test made on structural members, connec-
tions, and assemblies whose performance cannot be determined by the provisions of 
Chapters A through E of this Specification or its specific references. 
(m) Point-Symmetric Section. A point-symmetric section is a section symmetrical 
about a point (centroid) such as a Z-section having equal flanges. 
(n) Required Strength. Load effect (force, moment, as appropriate) acting on the struc-
tural component determined by structural analysis from the factored loads for LRFD 
or nominal loads for ASD (using most appropriate critical load combinations). 
(0) Resistance Factor. A factor that accounts for unavoidable deviations of the actual 
strength from the nominal value and the manner and consequences of failure. 
(p) Specified Minimum Yield Point. The specified minimum yield point is the lower lim-
it of yield point which must be equalled or exceeded in a specification test to qualify 
a lot of steel for use in a cold-formed steel structural member designed at that yield 
point. 
(q) Stiffened or Partially Stiffened Compression Elements. A stiffened or partially stiff-
ened compression element is a flat compression element (i.e., a plane compression 
flange of a flexural member or a plane web or flange of a compression member) of 
which both edges parallel to the direction of stress are stiffened either by a web, 
flange, stiffening lip, intermediate stiffener, or the like. 
(r) Stress. Stress as used in this Specification means force per unit area. 
(s) Thickness. The thickness, t, of any element or section shall be the base steel thick-
ness, exclusive of coatings. 
(t) Torsional-Flexural Buckling. Torsional-flexural buckling is a mode of buckling in 
which compression members can bend and twist simultaneously without change in 
cross sectional shape. 
(u) Unstiffened Compression Elements. An un stiffened compression element is a flat 
compression element which is stiffened at only one edge parallel to the direction of 
stress. 
(v) Virgin Steel. Virgin steel refers to steel as received from the steel producer or ware-
house before being cold worked as a result of fabricating operation 
(w) Virgin Steel Properties. Virgin steel properties refer to mechanical properties of vir-
gin steel such as yield point, tensile strength, and elongation. 
(x) Yield Point. Yield point, Fy or F sy, as used in this Specification shall mean yield 
point or yield strength. 
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A 1.3 Units of Symbols and Terms 
The Specification is written so that any compatible system of units may be used 
except where explicitly stated otherwise in the text of these provisions. 
A2 Non-Conforming Shapes and Construction 
The provisions of the Specification are not intended to prevent the use of alternate 
shapes or constructions not specifically prescribed herein. Such alternates shall meet the 
provisions of Chapter F of the Specification and be approved by the appropriate building 
code authority. 
A3 Material 
A3.1 Applicable Steels 
This Specification requires the use of steel of structural quality as defined in gener-
al by the provisions of the following specifications of the American Society for Testing 
and Materials: 
ASTM A361 A36M, Carbon Structural Steel 
ASTM A2421 A242M, High-Strength Low-Alloy Structural Steel 
ASTM A2831 A283M, Low and Intermediate Tensile Strength Carbon Steel Plates 
ASTM A500, Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in 
Rounds and Shapes 
ASTM A5291 A529M, High-Strength Carbon-Manganese Steel of Structural Quality 
ASTM A5701 A570M, Steel, Sheet and Strip, Carbon, Hot-Rolled, Structural Quality 
ASTM A5721 A572M, High-Strength Low-Alloy Columbium-Vanadium Structural 
Steel 
ASTM A5881 A588M, High-Strength Low-Alloy Structural Steel with 50 ksi (345 MPa) 
Minimum Yield Point to 4 in. (100 mm) Thick 
ASTM A606, Steel, Sheet and Strip, High Strength, Low Alloy, Hot-R01led and Cold-
Rolled, with Improved Atmospheric Corrosion Resistance 
ASTM A607, Steel, Sheet and Strip, High Strength, Low Alloy, Columbium or Vana-
dium, or both, Hot-Rolled and Cold-Rolled 
ASTM A611 (Grades A, B, C, and D), Steel, Sheet, Carbon, Cold-Rolled, Structural 
Quality 
ASTM A653/A653M (SQ Grades 33, 37,40, and 50 Class 1 and Class 3; HSLA Types I 
and II, Grades 50, 60, 70 and 80), Steel Sheet, Zinc-Coated (Galvanized) or Zinc-
Iron Alloy-Coated (Galvanealed) by the Hot-Dip Process 
ASTM A 715 (Grades 50, 60, 70 and 80), Steel Sheet and Strip, High-Strength, Low-
Alloy, Hot-Rolled, and Steel Sheet, Cold Rolled, High-Strength, Low-Alloy With 
Improved Formability 
ASTM A792/A792M (Grades 33, 37,40, and 50A), Steel Sheet, 55% Aluminum-Zinc 
Alloy-Coated by the Hot-Dip Process 
A3.2 Other Steels 
The listing in Section A3.1 does not exclude the use of steel up to and including one 
inch (25.4 mm) in thickness ordered or produced to other than the listed specifications 
provided such steel conforms to the chemical and mechanical requirements of one of the 
V 25 
V 26 1996 AISI Cold-Fonned Steel Specification 
listed specifications or other published specification which establishes its properties and 
suitability, and provided it is subjected by either the producer or the purchaser to analyses, 
tests and other controls to the extent and in the manner prescribed by one of the listed 
specifications and Section A3.3. 
A3.3 Ductility 
Steels not listed in Section A3.1 and used for structural members and connections 
in accordance with Section A3.2 shall comply with one of the following ductility require-
ments: 
A3.3.1 The ratio of tensile strength to yield point shall not be less than 1.08, and the 
total elongation shall not be less than 10 percent for a two-inch gage (51 mm) length or 
7 percent for an eight-inch (203mm) gage length standard specimen tested in accor-
dance with ASTM A370. If these requirements cannot be met, the following criteria 
shall be satisfied: (1) local elongation in a 112 inch (12.7 mm) gage length across the 
fracture shall not be less than 20%, (2) uniform elongation outside the fracture shall 
not be less than 3%*. When material ductility is determined on the basis of the local 
and uniform elongation criteria, the use of such material is restricted to the design of 
purlins and girts** in accordance with Sections C3.1.1(a), C3.1.2, C3.1.3, and C3.1.4. 
For purlins and girts subject to combined axial load and bending moment (Section 
QP P C5), PCn shall not exceed 0.15 for ASD and <t>cPn shall not exceed 0.15 for LRFD. 
A3.3.2 Steels conforming to ASTM A653 Structural Quality Grade 80 and A611 
Grade E and other steels which do not meet the provisions of Section A3.3.1 shall be 
permitted- for particular multiple-web configurations such as roofing, siding and floor 
decking provided (1) the yield strength, Fy, used for determining nominal strength in 
Chapters B, C and D is taken as 75 percent of the specified minimum yield point or 60 
ksi (414 MPa), whichever is less and (2) the tensile strength, Fu, used for determining 
nominal strength in Chapter E is taken as 75 percent of the specified minimum tensile 
strength or 62 ksi (428 MPa), whichever is less. Alternatively, the suitability of such 
steels for any configuration shall be demonstrated by load tests according to the provi-
sions of Section Fl. Design strengths based on these tests shall not exceed the 
strengths calculated according to Chapters B through E, using the specified minimum 
yield point, Fsy, for Fy and the specified minimum tensile strength, Fu. 
A3.4 Delivered Minimum Thickness 
The uncoated minimum steel thickness of the cold-formed product as delivered to 
the job site shall not at any location be less than 95 percent of the thickness, t, used in its 
design ~ however, lesser thicknesses shall be permitted at bends, such as comers, due to 
cold-forming effects. 
A4 Loads 
A4.1 Nominal Loads 
The nominal loads shall be as stipulated by the applicable code or specification un-
der which the structure is designed or as dictated by the conditions involved. In the ab-
* Further information on the test procedures should be obtained from "Standard Methods for Determination 
of Uniform and Local Ductility", Cold-Formed Steel Design Manual, Part VIII. 
** Horizontal structural members which support roof deck or panel covering and applied loads principally by bending. 
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sence of a code or specification, the nominal loads shall be those stipulated in the Ameri-
can Society of Civil Engineers Standard, Minimum Design Loads for Buildings and Oth-
er Structures, ASCE 7. The following symbols and definitions describe the loads 
referenced in this Specification: 
D =Dead load, which consists of: 
(a) the weight of the member itself; 
(b) the weight of all materials of construction incorporated into the building 
which are supported by the member, including built-in partitions; and 
(c) the weight of permanent equipment 
E =Earthquake load 
F =Loads due to fluids with well-defined pressures and maximum heights 
L =Live loads due to intended use and occupancy, including loads due to movable 
objects and movable partitions and loads temporarily supported by the struc-
ture during maintenance. L includes any permissible reductions. If resistance 
to impact loads is taken into account in design, such effects shall be included 
with the live load. 
Lr = Roof live load 
S =Snow load 
Rr = Rain load, except for ponding 
H =Loads due to the weight and lateral pressure of soil and water in soil 
P =Loads, forces, and effects due to ponding 
T = Self-straining forces and effects arising from contraction or expansion result-
ing from temperature changes, shrinkage, moisture changes, creep in compo-
nent materials, movement due to differential settlement, or combinations 
thereof 
W =Wind load 
A4.2 Ponding 
Unless a roof surface is provided with sufficient slope toward points of free drain-
age or adequate individual drains to prevent the accumulation of rainwater, the roof sys-
tem shall be investigated by rational analysis to assure stability under ponding conditions. 
AS Allowable Stress Design 
AS.1 Design Basis 
Design under this Section of the Specification shaH be based on Allowable Stress 
Design (ASD) principles. Al1 provisions of this Specification, except for those in Section 
A6, shall apply. 
AS.1.1 ASD Strength Requirements 
A design satisfies the requirements of this Specification when the allowable 
design strength of each structural component equals or exceeds the required strength, 
determined on the basis of the nominal loads, for all applicable load combinations. 
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The design shall be perfonned in accordance with Equation (AS.l.l-I): 
R ~Rn In (Eq. AS.l.I-l) 
where 
R = Required strength 
=Nominal strength specified in Chapters B through E 
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Q =Safety factors specified in Chapters B through E 
Rn/Q =Allowable design strength 
AS.1.2 Load Combinations* 
In the absence of an applicable code or specification or if the applicable code 
or specification does not include ASD load combinations, the structure and its compo-
nents shall be designed so that allowable design strengths equal or exceed the effects 
of the nominal loads for each of the following load combinations: 
1. D 
2. D + L + (Lr or S or Rr) 
3. D + (W or E) 
4. D + L + (Lr or S or Rr) + (W or E) 
AS.1.3 Wind or Earthquake Loads 
When the load combinations specified by the applicable code or specification 
or Section AS .1.2 include wind or earthquake loads, the resulting forces shall be per-
mitted to be multiplied by 0.7S. Additionally, when the seismic load model specified 
by the applicable code or specification is limit state based, the resulting earthquake 
load (E) shall be pennitted to be multiplied by 0.67. 
Exception: 
No decrease in forces is permitted when evaluating diaphragms using the 
provisions of Section D5. 
AS.1.4 Other Loads 
The structural effects of F, H, P, and T shall be considered, when significant. 
A6 Load and Resistance Factor Design 
A6.1 Design Basis 
Design under this Section of the Specification shall be based on Load and Resis-
tance Factor Design (LRFD) principles. All provisions of this Specification, except for 
those in Section AS, shall apply. 
A6.1.1 LRFD Strength Requirements 
A design satisfies the requirements of this Specification when the design 
strength of each structural component equals or exceeds the required strength deter-
mined on the basis of the nominal loads, multiplied by the appropriate load factors, for 
all applicable load combinations. 
The design shall be perfonned in accordance with Equation CA6.1.1-1): 
Ru ~q,Rn CEq. A6.1.1-l) 
where 
Ru = Required strength 
Rn =Norninal strength specified in Chapters B through E 
q, = Resistance factor specified in Chapters B through E 
<1>Rn = Design strength 
* For roof and floor construction, references to recommended load combinations for dead load, weight of 
concrete, and construction load including equipment, workmen and formwork are given in Section AS.l.2 of 
the Commentary. 
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A6.1.2 Load Factors and Load Combinations· 
In the absence of an applicable code or specification or if the applicable code 
or specification does not include LRFD load combinations and load factors, the struc-
ture and its components shall be designed so that design strengths equal or exceed the 
effects of the factored nominal loads for each of the following combinations. 
l. l.4 D + L 
2. 1.2 D + 1.6 L + O.S(Lr or S or Rr) 
3. 1.2 D + 1.6 (Lr or S or Rr) + (0.5 L or 0.8 W) 
4. 1.2 D + 1.3 W + 0.5 L + O.S(Lr or S or Rr) 
5. 1.2 D + 1.5E + 0.5 L + 0.2 S 
6. 0.9 D - (1.3 W or 1.5E) 
Exceptions: 
1. The load factor for E in combinations (5) and (6) shall equal 1.0 when the seismic 
load model specified by the applicable code or specification is limit state based. 
2. The load factor for L in combinations (3), (4), and (5) shall be equal to 1.0 for 
garages, areas occupied as places of public assembly, and all areas where the live 
load is greater than 100 psf. 
3. For wind load on individual purlins, girts, wall panels and roof decks, multiply 
the load factor for W by 0.9. 
4. The load factor for Lr in combination (3) shall equal 1.4 in lieu of 1.6 when the 
roof live load is due to the presence of workmen and materials during repair opera-
tions. 
A6.1.3 Other Loads 
When the structural effects ofF, H, P or T are significant, they shaH be consid-
ered in design using the following factored loads: J.3F, 1.6H, 1.2P. and J.2T. 
A7 Yield Point and Strength Increase from Cold Work of Forming 
A7.1 Yield Point 
The yield point used in design, Fy. shall not exceed the specified minimum 
yield point of steels as listed in Section A3.1 or A3.3.2, as estabhshed in accordance 
with Chapter F, or as increased for cold work of forming in Section A 7.2. 
A7.2 Strength Increase from Cold Work of Forming 
Strength increase from cold work of forming shall be permitted by substitut-
ing Fya for Fy, where Fya is the average yield point of the full section. Such increase 
shall be limited to Sections C2, C3.1 (excluding Section C3.] .1(b», C4, CS, C6 and 
D4. The limitations and methods for determining Fya are as fol1ows: 
(a) For axially loaded compression members and flexural members whose propor-
tions are such that the quantity p for load capacity is unity as determined accord-
ing to Section B2 for each of the component elements of the section. the design 
yield stress, Fya, of the steel shall be determined on the basis of one of the follow-
ing methods: 
• For roof and floor construction. recommended load combinations for dead load, weight of concrete, and 
construction load including equipment. workmen and form work are given in Section A6.1.2 of the 
Commentary. 
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(1) full section tensile tests [see paragraph (a) of Section F3.1] 
(2) stub column tests [see paragraph (b) of Section F3.1] 
(3) computed as follows: 
Fya = CFyc + (1 - C) Fyf 
where 
(Eq. A7.2-l) 
Fya = Average yield point of the steel in the full section of compression mem-
bers or full flange sections of flexural merrlbers 
C = For compression members, ratio of the total comer cross-sectional 
area to the total cross-sectional area of the full section; for flexural 
members, ratio of the total corner cross-sectional area of the control-
ling flange to the full cross-sectional area of the controlling flange 
Fyf = Weighted average tensile yield point of the flat portions established in 
accordance with Section F3.2 or virgin steel yield point if tests are not 
made 
Fyc = BcFyv/(Rft)m, tensile yield point of corners. This equation is 
applicable only when FuvlFyv ~ 1.2, Rlt ~ 7, and the included 
angle ~ 1200 
Be = 3.69 (FuvlFyv) - 0.819 (FuvlFyv)2 - 1.79 
m = 0.192 (FuvlFyv) - 0.068 
R = Inside bend radius 
(Eq. A 7.2-2) 
(Eq. A7.2-3) 
(Eq. A7.2-4) 
Fyv = Tensile yield point of virgin steel * specified by Section A3 or estab-
lished in accordance with Section F3.3 
Fuv = Ultimate tensile strength of virgin steel * specified by Section A3 or es-
tablished in accordance with Section F3.3 
(b) For axially loaded tension members the yield point of the steel shall be detennined 
by either method (1) or method (3) prescribed in paragraph (a) of this Section. 
(c) The effect of any welding on mechanical properties of a member shall be deter-
mined on the basis of tests of full section specimens containing within the gage 
length, such welding as the manufacturer intends to use. Any necessary allow-
ance for such effect shall be made in the structural use of the member. 
A8 Serviceability 
A structure shall be designed to perform its required functions during its expected 
life. Serviceability limits shall be chosen based on the intended function of the structure, 
and shall be evaluated using realistic loads and load combinations. 
A9 Referenced Documents 
The following documents are referenced in this Specification: 
1. American Society of Civil Engineers, ASCE 7-95, "Minimum Design Loads in 
Buildings and Other Structures," American Society of Civil Engineers (ASCE), 
1801 Alexander Bell Drive, Reston VA, 20191 
2. American Institute of Steel Construction, "Specification for Structural Steel Build-
ings, Allowable Stress Design and Plastic Design," American Institute of Steel 
Construction (AISC), One East Wacker Drive, Suite 3100, Chicago, Illinois 
60601-2001, June 1,1989 
* Virgin steel refers to the condition (i.e., coiled or straight) of the steel prior to the cold-forming operation. 
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3. American Institute of Steel Construction, "Load and Resistance Factor Design 
Specification for Structural Steel Buildings", American Institute of Steel Construc-
tion (AISC), One East Wacker Drive, Suite 3100, Chicago, Illinois 60601-2001, 
December 1, 1993 
4. American Welding Society, AWS D1.3-89, "Structural Welding Code - Sheet 
Steel," American Welding Society (AWS), 550 N.W. Lejeune Road, Miami, Florida 
33135 
5. American Welding Society, A WS C 1.1-66, "Recommended Practices for Resis-
tance Welding," American Welding Society (AWS), 550 N.W. Lejeune Road, Mi-
ami, Florida 33135 
6. American Welding Society, AWS C 1.3-70 (Reaffirmed 1987), "Recommended 
Practices for Resistance Welding Coated Low Carbon Steels," American Welding 
Society (AWS), 550 N.W. Lejeune Road, Miami, Florida 33135 
7. American Society for Testing and Materials (ASTM), 100 Barr Harbor Drive, West 
Conshohocken, Pennsylvania 19428-2959: 
ASTM A36/ A36M-94, Carbon Structural Steel 
ASTM A 194/ AI94M-95, Carbon and Alloy Steel Nuts for Bolts for High-Pressure 
and High-Temperature Service 
ASTM A2421 A242M-93a, High-Strength Low-AHoy Structural Steel 
ASTM A283/ A283M-93a, Low and Intennediate Tensile Strength Carbon Steel 
Plates 
ASTM A307-94a, Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength 
ASTM A325-94, Structural Bolts, Steel, Heat Treated, 120/105 ksi Minimum Ten-
sile Strength 
ASTM A325M-93, High Strength Bolts for Structural Steel Joints [Metric] 
ASTM A354-95, Quenched and Tempered Alloy Steel Bolts, Studs, and Other Ex-
ternally Threaded Fasteners 
ASTM A370-95, Standard Test Methods and Definitions for Mechanical Testing of 
Steel Products 
ASTM A449-93, Quenched and Tempered Steel Bolts and Studs 
ASTM A490-93, Heat-Treated Steel Structural Bolts, 150ksi Minimum Tensile 
Strength 
ASTM A490M-93, High Strength Steel Bolts, Classes 10.9 and 10.9.3, for Structur-
al Steel Joints [Metric] 
ASTM A500-93, Cold-Formed Welded and Seamless Carbon Steel Structural Tub-
ing in Rounds and Shapes 
ASTM A5291 A529M-94, High-Strength Carbon-Manganese Steel of Structural 
Quality 
ASTM A563-94, Carbon and Alloy Steel Nuts 
ASTM A563M-94, Carbon and Alloy Steel Nuts [Metric] 
ASTM A570/A570M-95, Steel, Sheet and Strip, Carbon, Hot-RoBed, Structural 
Quality 
ASTM A572/ A572M-94c, High-Strength Low-Alloy Columbium-Vanadium 
Structural Steel 
ASTM A5881 A588M-94, High-Strength Low-Alloy Structural Steel with 50 ksi 
(345MPa) Minimum Yield Point to 4 in. (100 mm) Thick 
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ASTM A606-91a, Steel, Sheet and Strip, High-Strength, Low-Alloy, Hot-Rolled 
and Cold-Rolled, with Improved Atmospheric Corrosion Resistance 
ASTM A607-92a, Steel, Sheet and Strip, High-Strength, Low-Alloy, Columbium 
or Vanadium, or Both, Hot-Rolled and Cold-Rolled 
ASTM A611-94, Steel, Sheet, Carbon, Cold-Rolled, Structural Quality 
ASTM A653/A653M-95, Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron 
Alloy-Coated (Galvanealed) by the Hot--Dip Process 
ASTM A 715-92a, Steel Sheet and Strip, High-Strength, Low-Alloy, Hot-Rolled, 
and Steel Sheet, Cold-Rolled, High-Strength, Low-Alloy, with Improved 
Formability 
ASTM A792/A792M-95, Steel Sheet, 55% Aluminum-Zinc Alloy-Coated by the 
Hot-Dip Process 
ASTM F436-93, Hardened Steel Washers 
ASTM F436M-93, Hardened Steel Washers [Metric] 
ASTM F844-90, Washers, Steel, Plain (Flat), Unhardened for General Use 
ASTM F959-95, Compressible Washer-Type Direct Tension Indicators for Use 
with Structural Fasteners 
ASTM F959M-95, Compressible Washer-Type Direct Tension Indicators for Use 
with Structural Fasteners [Metric] 
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B. ELEMENTS 
B1 Dimensional Limits and Considerations 
B 1.1 Flange Flat-Width-to-Thickness Considerations 
(a) Maximum Flat-Width-to-Thickness Ratios 
Maximum allowable overall flat-width-to-thickness ratios, wit, disregarding inter-
mediate stiffeners and taking as t the actual thickness of the element, shall be as fol-
lows: 
(1) Stiffened compression element having one longitudinal edge connected to a 
web or flange element, the other stiffened by: 
Simple lip 60 
Any other kind of stiffener 
having Is ~ Ia and D/w ~ 0.8 
according to Section B4.2 90 
(2) Stiffened compression element 
with both longitudinal 
edges connected to other 
stiffened elements 500 
(3) Unstiffened compression element 
and elements with an edge stiffener having 
Is < Ia and D/w :5 0.8 according 
to Section B4.2 60 
Note: Un stiffened compression elements that have wit ratios exceeding approximately 
30 and stiffened compression elements that have wit ratios exceeding approxi-
mately 250 are likely to develop noticeable deformation at the fu]) design 
strength, without affecting the ability of the member to develop the required 
strength. 
Stiffened elements having wit ratios larger than 500 can be used with adequate 
design strength to sustain the required loads; however, substantial defonnations 
of such elements usually will invalidate the design equations of this Specifica-
tion. 
(b) Flange Curling 
Where the flange of a flexural member is unusually wide and it is desired to limit the 
maximum amount of curling or movement of the flange toward the neutral axis, the 
following equation applies to compression and tension flanges, either stiffened or 
unstiffened: 
w f = )0.061 tdE/fav V(1OOcf/d) 
where 
Wf = Width of flange projecting beyond the web; 
or half of the distance between webs for box- or U-type beams 
t = Flange thickness 
d = Depth of beam 
V 33 
(Eq. B 1. ] -1 ) 
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Cf =Amount of curling* 
fay = Average stress in the full, unreduced flange width. (Where members are 
designed by the effective design width procedure, the average stress 
equals the maximum stress multiplied by the ratio of the effective design 
width to the actual width.) 
(c) Shear Lag Effects - Short Spans Supporting Concentrated Loads 
Where the bearrl has a span ofless than 30Wf (Wf as defined below) and it carries one 
concentrated load, or several loads spaced farther apart than 2Wf, the effective de-
sign width of any flange, whether in tension or compression, shall be limited to the 
following: 
TABLE B1.1(c) 
SHORT, WIDE FLANGES 
MAXIMUM ALLOWABLE RATIO OF EFFECTIVE DESIGN WIDTH TO ACTUAL WIDTH 
L/wf Ratio L/wf Ratio 
30 1.00 14 0.82 
25 0.96 12 0.78 
20 0.91 10 0.73 
18 0.89 8 0.67 
16 0.86 6 0.55 
where 
L = Full span for simple beams; or the distance between inflection points for 
continuous beams; or twice the length for cantilever beams. 
Wf = Width of flange projection beyond the web for I-beam and similar sec-
tions; or half the distance between webs of box- or V-type sections. 
For tlanges of I-beams and similar sections stiffened by lips at the outer 
edges, Wf shall be taken as the sum of the flange projection beyond the 
web plus the depth of the lip. 
81.2 Maximum Web Depth-to-Thickness Ratio 




For unreinforced webs: (h/t)max = 200 
For webs which are provided with transverse stiffeners satisfying the 
requirements of Section B6.1: 
(l) When using bearing stiffeners only, (h/t)max = 260 
(2) When using bearing stiffeners and intermediate stiffeners, (h/t)max = 300 
In the above, 
h = Depth of flat portion of web measured along the plane of web 
t = Web thickness 
* The amount of curling that can be tolerated will vary with different kinds of sections and must be established by the designer. 
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Where a web consists of two or more sheets, the hIt rati 0 shall be computed 
for the individual sheets. 
82 Effective Widths of Stiffened Elements 
82.1 Uniformly Compressed Stiffened Elements 
(a) Load Capacity Determination 
The effective width, b, shall be detennined from the following equations: 
b =W when A ~ 0.673 
b = pw when A > 0.673 
where 
w =Flat width as shown in Figure B2.1-1 
p = (1 - 0.22/A )/A 
A is a slenderness factor determined as follows: 
A = 1.052 (w) fi !k t VE 
where 
t = Thickness of the uniformly compressed stiffened elements, and 
f is as follows: 
For flexural members: 
(1) If Procedure I of Section C3.1.t is used: 
When the initial yielding is in compression in the element considered, f = Fy. 
When the initial yielding is in tension, the compressive stress, f, in the ele-
ment considered shall be determined on the basis of the effecti ve section at My 
(moment causing initial yield). 
(2) If Procedure II of Section C3.1.] is used, f is the stress in the element consid-
ered at Mn determined on the basis of the effective section. 
(3) If Section C3.1.2 is used, f is the stress ~c as described in that Section in de-
termining Sc. f 
For compression members, f is taken equal to Fn as determined in Section C4 or 
D4.1 as applicable. 
E = Modulus of elasticity 
k = Plate buckling coefficient 
= 4 for stiffened elements supported by a web on each longitudinal edge. 
Values for different types of elements are given in the applicable sec-
tions. 
(b) Deflection Determination 
The effective width, bd, used in computing deflection shall be determined from the 
following equations: 
bd=w when A ~ 0.673 
bd=pw when A> 0.673 
where 
w = Flat width 
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Effective Element, b, and Stress, f, 
on Effective Elements 
Figure 82.1-1 Stiffened Elements 
( 1 ) Procedure I. 
A low estimate of the effective width may be obtained from Eqs. B2.1-3 
and B2.1-4 except that fd is substituted for f, where fd is the computed 
compressive stress in the element being considered. 
(2) Procedure II. 
For stiffened elements supported by a web on each longitudinal edge, an 
improved estimate of the effective width can be obtained by calculating p 
as follows: 
p = 1 when A$; 0.673 
P =(1.358 - 0.4611A )/A when 0.673 < A < Ac 
P =(0.41 + 0.59jFy/fd - 0.22/A)/A when A ~ Ac 
p shall not exceed 1.0 for all cases. 
where 
Ac=0.256 + 0.328 (wit) jFy/E 





82.2 Uniformly Compressed Stiffened Elements with Circular Holes 
(a) Load Capacity Determination 
The effective width, b, shall be determined as follows: 
for 0.50 ~ dh ~ 0, and w $; 70 and 
w t 
the distance between centers of holes ~ a .50w and ~3dh, 
b =w - dh when A$; 0.673 
w[ I _ (O.~2) _ (O.!dh)] 
b = A when A> 0.673 
b shall not exceed w - dh 
where 
w = Flat width 
dh=Diameter of holes 
A is as defined in Section B2.t. 
(Eq. B2.2-l) 
(Eq. B2.2-2) 
1996 AISI Cold-Formed Specification 
(b) Deflection Determination 
The effective width, bd, used in computing deflection shall be equal to b detennined 
in accordance with Procedure I of Section B2.1 b, except that fd is substituted for f, 
where fd is the computed compressive stress in the element being considered. 
82.3 Webs and Stiffened Elements with Stress Gradient 
(a) Load Capacity Determination 
The effective widths, bI and b2, as shown in Figure B2.3-1, shall be detennined from 
the following equations: 
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bI =be/(3 - 'V) (Eq. B2.3-1) 
For 'V ~ - 0.236 
b2= be/2 (Eq. B2.3-2) 
bI + b2 shall not exceed the compression portion of the web calculated on the 
basis of effective section 
For 'V > - 0.236 
b2=be - bI 
where 
be =Effective width b detennined in accordance with Section B2.1 with f1 
substituted for f and with k detennined as follows: 
k =4 + 2(1 - 'V)3 + 2(1 - 'V) 
'V =f2/fI 
fI, f2 =Stresses shown in Figure B2.3-1 calculated on the basis of effective 
section. 
f 1 is compression ( +) and f2 can be either tension (-) or compression. In case f I 
and f2 are both compression, f1 ~ f2 
(b) Deflection Determination 
The effective widths used in computing deflections shall be determined in accor-
dance with Section B2.3a except that fdl and fd2 are substituted for f) and f2, where 
fdl and fd2 are the computed stresses fl and f2 as shown in Figure B2.3-1 based on the 
effective section at the load for which deflections are detennined. 
83 Effective Widths of Unstlffened Elements 
83.1 Uniformly Compressed Unstiffened Elements 
(a) Load Capacity Determination 
The effective width, b, shall be determined in accordance with Section B2.1 a, ex-
cept that k shall be taken as 0.43 and w as defined in Figure B3.1-1. 
(b) Deflection Determination 
The effective width, bd, used in computing deflection shall be detennined in aCCOf-









/' f1 (compression) 
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/ f 1 (compression) 
I ~ 
f2 (compression) 
Effective Element and Stress 
on Effective Elements 





stressf11111111111_-_-_-_-_-_: Jt i~.. ----.!.l: : : : : , 
b 
Effective Element and Stress 
on Effective Elements 
Figure 83.1-1 Unstiffened Element with Uniform Compression 
83.2 Unstiffened Elements and Edge Stiffeners with Stress Gradient 
(a) Load Capacity Determination 
The effective width, b, shall be determined in accordance with Section B2.1 a with 
f = f3 as in Figure B4-2 in the element and k = 0.43. 
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(b) Deflection Determination 
The effective width, bd, used in computing deflection shall be determined in aCCOf-
dance with Procedure I of Section B2.1 b, except that fd3 is substituted fOf f and k = 
0.43, where fd3=computed stress f3 as shown in Figure B4-2. Calculations are based 
on the effective section at the load for which the deflections are determined. 
B4 Effective Widths of Elements with One Intermediate Stiffener or an Edge 
Stiffener 
The following notation is used in this section. 
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S = 1.28 JEff (Eq. B4-1) 
k = Buckling coefficient 
bo = Dimension defined in Figure B4-1 
d, w, D = Dimensions defined in Figure B4-2 
ds = Reduced effective width of the stiffener as specified in this section. ds, cal-
culated according to Section B4.2, is to be used in computing the overall ef-
fective section properties (see Figure B4-2) 
d's = Effective width of the stiffener calculated according to Section B3.l (see 
Figure B4-2) 
C 1, C2 = Coefficients defined in Figure B4-2 
As = Reduced area of the stiffener as specified in this section. As is to be used in 
computing the overall effective section properties. The centroid of the stiff-
ener is to be considered located at the centroid of the ful1 area of the stiffener. 
Ia = Adequate moment of inertia of the stiffener, so that each component ele-
ment will behave as a stiffened element. 
Is, A's = Moment of inertia of the full section of the stiffener about its own centroidal 
axis parallel to the element to be stiffened, and the effective area of the stiff-
ener, respectively. For edge stiffeners, the round comer between the stiffen-
er and the element to be stiffened shall not be considered as a part of the stiff-
ener. 
For the stiffener shown in Figure B4-2: 
Is = (d3t sin2S)/12 
A's = d'st 
B4.1 Uniformly Compressed Elements with One Intermediate Stiffener 
(a) Strength Determination 
Case I: For bolt ~ S 
Ia =0 (no intermediate stiffener needed) 
b =W 
As =A's 
Case II: For S < bolt < 3S 
lalt4 = [50(bJt)/S] - 50 
b and As are calculated according to Section B2.1 a where 
k = 3 (lsfla) 112+ 1 ~ 4 
As=A' s{lslla) ~ A's 
Case III: For bolt ~ 3S 
lalt4 =[t28(bJt)/S] - 285 
b and As are calculated according to Section B2.ta where 
k =3{1slla)1I3 + 1 ~ 
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Cb) Deflection Determination 
The effective width, bd, used in computing deflection shall be detennined as in Sec-






I ~I I ~ ~ 
Effective Elements and Stress 
on Effective Elements 
Figure 84-1 Elements with Intermediate Stiffener 
~ I I~ 
84.2 Uniformly Compressed Elements with an Edge Stiffener 
Ca) Strength Determination 
Case I: For wIt ~ S/3 
Ia = 0 (no edge stiffener needed) 
b =w 
ds = d's for simple lip stiffener 
As = A's for other stiffener shapes 
Case II: For S/3 < wIt < S 
Ialt4 =399{[(w/t)/S]- Jku/4}3 
n =112 
C2 = IslIa ~ 1 
Cl =2-C2 
b shall be calculated according to Section B2.1 where 
k =C~(ka - ku) + ku 
ku=0.43 
For simple lip stiffener with 1400 ~ e ~ 400 
and D/w ~ O.S where e is as shown in Fig. B-4.2: 
ka =5.25-5 (D/w) ~ 4.0 
ds =C2d's 
For stiffener shape other than simple lip: 
ka =4.0 
As =C2A's 
Case III: For wIt ~ S 
Ialt4 =[115 (w/t)/S] + 5 
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(b) Deflection Determination 
The effecti ve width, bd, used in computing detlection shall be detennined as in Sec-
tion B4.2a, except that fd is substituted for f. 
w 
e 
D, d = Actual stiffener dimensions 
V-41 
ds, ds = Effective stiffener dimensions used 
for calculating section properties 









Stress f 3 for lip 
Effective Element and Stress on Effective Element and Stiffener 
Figure 84-2 Elements with Edge Stiffener 
85 Effective Widths of Edge Stiffened Elements with Intermediate Stiffeners 
or Stiffened Elements with More Than One Intermediate Stiffener 
For the detennination of the effective width, the intennediate stiffener of an edge stiff-
ened element or the stiffeners of a stiffened element with more than one stiffener shall be 
disregarded unless each intennediate stiffener has the minimum Is as follows: 
Imin/t4 = 3.66 jew /t)2-(O.1 36E)/Fy ~ 18.4 (Eq. B5-l) 
where 
w/t= Width-thickness ratio of the larger stiffened sub-element 
Is =Moment of inertia of the full stiffener about its own centroidal axis parallel to the 
element to be stiffened 
(a) If the spacing of intermediate stiffeners between two webs is such that for the sub-
element between stiffeners b < w as determined in Section B2.t, only two intermedi-
ate stiffeners (those nearest each web) shall be considered effective. 
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(b) If the spacing of intermediate stiffeners between a web and an edge stiffener is such 
that for the sub-element between stiffeners b < w as determined in Section B2.1, 
only one intermediate stiffener, that nearest the web, shall be considered effective. 
(c) If intermediate stiffeners are spaced so closely that for the elements between stiffen-
ers b : w as determined in Section B2.1, all the stiffeners may be considered effec-
tive. In computing the flat-width to thickness ratio of the entire multiple-stiffened 
element, such element shall be considered as replaced by an "equivalent element" 
without intermediate stiffeners whose width, bo, is the full width between webs or 
from web to edge stiffener, and whose equivalent thickness, ts, is determined as fol-
lows: 
where 
Isc= Moment of inertia of the full area of the multiple-stiffened element, including 
the intermediate stiffeners, about its own centroidal axis. The moment of inertia of 
the entire section shall be calculated assuming the "equivalent element" to be lo-
cated at the centroidal axis of the mUltiple stiffened element, including the inter-
mediate stiffener. The actual extreme fiber distance shall be used in computing the 
section modulus. 
(d) If wit> 60, the effective width, be, of the sub-element or element shall be determined 
from the following equation: 
~e = ¥ - OolO[ ~ - 60] 
where 
wit: flat-width ratio of the sub-element or element 
b ==effective design width determined in accordance with the provi~ions of 
Section B2.1 
be == effecti ve design width of the sub-element or element to be used in design 
computations 
For computing the effective structural properties of a member having compression 
sub-elements or elements subject to the above reduction in effective width, the area of 
stiffeners (edge stiffener or intermediate stiffeners) shall be considered reduced to an ef-
fective area as follows: 
For 60 < wit < 90: 
Aef = aAst 
where 
For wit ~ 90: 
a = (3 - 2be/w) - 310 [ 1 - ~][ ~ ] 
Aef = (be/w) Ast 
In the above expressions, Aec and Ast refer only to the area of the stiffener section, 
exclusive of any portion of adjacent elements. 
The centroid of the stiffener is to be considered located at the centroid of the full 
area of the stiffener, and the moment of inertia. of the stiffener about its own centroidal 
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86 Stiffeners 
86.1 Transverse Stiffeners 
Transverse stiffeners attached to beam webs at points of concentrated loads or 
reactions, shall be designed as compression members. Concentrated loads or reactions 
shall be applied directly into the stiffeners, or each stiffener shall be fitted accurately to 
the flat portion of the flange to provide direct load bearing into the end of the stiffener. 
Means for shear transfer between the stiffener and the web shall be provided according to 
Chapter E. For concentrated loads or reactions the nominal strength equals Po, where Po 
is the smaller value given by (a) and (b) as follows: 
V-43 
(a) Po =FwyAc (Eq. B6.l-l) 
(b) Po =Nominal axial strength evaluated according to Section C4(a), with Ae replaced 
by Ab 
Qc =2.00 (ASD) 
<Pc =0.85 (LRFD) 
where 
Ac = 18t2 + As, for transverse stiffeners at interior support and under concentrated (Eq. B6.1-2) 
load 
Ac = 10t2 + As, for transverse stiffeners at end support 
Fwy=Lower value of Fy for the beam web, or Fys for the stiffener section 
Ab = bIt + As, for transverse stiffeners at interior support and under concentrated 
load 
Ab = b2t + As, for transverse stiffeners at end support 
As = Cross sectional area of transverse stiffeners 
bI =25t [0.0024(Lst/t) + 0.72] ~ 25t 
b2 = 12t [0.0044(Lst/t) + 0.83] ~ 12t 
Lst = Length of transverse stiffener 
t =Base thickness of beam web 
The wIts ratio for the stiffened and un stiffened elements of cold-fonned steel 
transverse stiffeners shall not exceed 1.28jE/Fys and 0.37 jE/Fys, respectively, where 
Fys is the yield stress, and ts is the thickness of the stiffener steel. 
86.2 Shear Stiffeners 
Where shear stiffeners are required, the spacing shall be based on the nominal 
shear strength,V 0, permitted by Section C3.2, and the ratio alb shall not exceed 
[260/(hlt)]2 nor 3.0. 
The actual moment of inertia, Is, of a pair of attached shear stiffeners, or of a sing1e 
shear stiffener, with reference to an axis in the plane of the web, shall have a minimum 
value of 
Ismio= 5ht3[hla - 0.7(alh)] ~ (h/50)4 
The gross area of shear stiffeners shall be not less than 
A - 1 - Cv [!. _ (a/h)2 ]YDht 
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c - ill jEk' when Cv > 0.8 
v - hit Fy 
kv = 4.00 + 5.342 when alb ~ 1.0 (a/h) 
kv = 5.34 + 4.002 when alb > 1.0 (a/h) 
a =Distance between transverse stiffeners 
Y = Yield point of web steel 
Yield point of stiffener steel 
D = 1.0 for stiffeners furnished in pairs 
D = 1.8 for single-angle stiffeners 
D = 2.4 for single-plate stiffeners 
t and h are as defined in Section B 1.2 
86.3 Non-Conforming Stiffeners 
The design strength of members with transverse stiffeners that do not meet the re-
quirements of Section B6.1 or B6.2, such as stamped or rolled-in transverse stiffeners, 
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C.MEMBERS 
C1 Properties of Sections 
Properties of sections (cross-sectional area, moment of inertia, section modulus, radius 
of gyration, etc.) shall be determined in accordance with conventional methods of structural 
design. Properties shall be based on the full cross section of the members (or net sections 
w here the use of net section is applicable) except where the use of a reduced cross section, or 
effective design width, is required. 
C2 Tension Members 
For axially loaded tension members, the nominal tensile strength, Tn, shall be deter-
mined as follows: 
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Tn = AnFy (Eq. C2-1) 
n t = 1.67 (ASD) 
<l>t = 0.95 (LRFD) 
where 
Tn = Nominal strength of member when loaded in tension 
An = Net area of the cross section 
Fy = Design yield stress as detennined in Section A 7.1 
For tension members using bolted connections, the nominal tensile strength shall also 
be limited by Section E3.2. 
C3 Flexural Members 
C3.1 S'trength for Bending Only 
The nominal flexural strength, Mn, shall be the smallest of the values calculated 
according to Sections C3.1.1 and C3.1.2, C3.1.3 or C3.1.4 where applicable. 
C3.1.1 Nominal Section Strength 
The nominal flexural strength, Mn, shall be calculated either on the basis of initia-
tion of yielding in the effective section (Procedure I) or on the basis of the inelastic 
reserve capacity (Procedure II) as applicable. 
For sections with stiffened or partially stiffened compression flanges: 
nb = 1.67 (ASD) 
<Pb = 0.95 (LRFD) 
For sections with un stiffened compression flanges: 
nb = 1.67 (AS D) 
cl>b = 0.90 (LRFD) 
(a) Procedure I - Based on Initiation of Yielding 
Effective yield moment based on section strength, Mnt shall be determined as fol-
lows: 
where 
Mn = SeFy 
Fy = Design yield stress as determined in Section A 7.1 
Se = Elastic section modulus of the effective section calculated with the 
extreme compression or tension fiber at Fy 
(Eq. C3.1.1-l) 
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(b) Procedure II - Based on Inelastic Reserve Capacity 
The inelastic flexural reserve capacity may be used when the following condi-
tions are met: 
(1) The member is not subject to twisting or to lateral, torsional, or torsional-
flexural buckling. 
(2) The effect of cold forming is not included in determining the yield point Fy. 
(3) The ratio of the depth of the compressed portion of the web to its thickness 
does not exceed AI. 
(4) The shear force does not exceed 0.35Fy times the web area, ht. 
(5) The angle between any web and the vertical does not exceed 30 degrees. 
The nominal flexural strength, Mn, shall not exceed either 1.25 SeFy determined 
according to Procedure I or that causing a maximum compression strain of Cyey 
(no limit is placed on the maximum tensile strain). 
where 
ey = Yield strain = FylE 
E =Modulus of elasticity 
Cy =Compression strain factor determined as follows: 
(a) Stiffened compression elements without intermediate stiffeners 
Cy = 3 for wIt ~ Al 
Cy = 3 -2(~t: A~l )forAl < ~ < A2 
Cy = 1 for wIt ~ A2 
where 
A - 1.11 
1 - jFy/E 
A - 1.28 
2 - jFy/E 
(b) Un stiffened compression elements 
Cy = 1 
(c) Multiple-stiffened compression elements and compression elements 
with edge stiffeners 
Cy = 1 
When applicable, effective design widths shall be used in calculating section prop-
erties. Mn shall be calculated considering equilibrium of stresses, assuming an ideally 
elastic-plastic stress-strain curve which is the same in tension as in compression, as-
suming small deformation and assuming that plane sections remain plane during 
bending. Combined bending and web crippling shall be checked by provisions of Sec-
tion C3.5. 
C3.1.2 Lateral Buckling Strength 
The nominal strength of the laterally unbraced segments of singly-, doubly-, and 
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nb = 1.67 (ASD) 
<Pb = 0.90 (LRFD) 
where 
Sf = Elastic section modulus of the full unreduced section for the extreme com-
pression fiber 
Sc = Elastic section modulus of the effective section calculated at a stress M / Sf 
. c 
In the extreme compression fiber 
Mc = Critical moment calculated as follows: 
For Me ~ 2.78My 
V-47 
Mc=My (Eq. C3.1.2-2) 
For 2.78My > Me > 0.56My 
_ 10 ( 10My) Me - 9"My 1 - 36M
e 
For Me :5 0.56My 
Mc=Me 
where 
My =Moment causing initial yield at the extreme compression fiber of the full 
section 
=SfFy 
Me =Elastic critical moment calculated according to (a) or (b) below: 
(a) For singly-, doubly-, and point symmetric sections: 
(Eq. C3.1.2-3) 
(Eq. C3.] .2-4) 
(Eq. C3.1.2-5) 
= CbroA jOeyOt for bending about the symmetry axis. (Eq. C3.1.2-6) 
For singly-symmetric sections, x-axis is the axis of symmetry 
oriented such that the shear center has a negative x-coordinate. 
For point-symmetric sections, use 0.5 Me. 
Alternatively, Me can be calculated using the equation for 
doubly-symmetric I-sections or point-symmetric sections 
given in (b) 
= CsAOex[j + c.jf + r~(O.lOex)] /CTF for bending (Eq.C3.1.2-7) 
about the centroidal axis perpendicular to the symmetry 
axis for singly-symmetric sections only 
= + 1 for moment causing compression on the shear center s ide of the centroid 
= -1 for moment causing tension on the shear center side of the centroid 
= 
j[2E (Eq. C3.1.2-8) 
(Eq. C3.1.2-9) 
(Eq. C3.1.2-10) 
* The provisions of this Section apply to 1-. Z-. C- and other singly-symmetric section flexural members (not 
including multiple-web deck. U- and closed box-type members. and curved or arch members). The provi-
sions of this Section do not apply to laterally unbraced compression flanges of otherwise lateraJly stable sec-
tions. Refer to C3.1.3 for C- and Z-purlins in which the tension flange is attached to sheathing. 
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A = Full cross-sectional area 
12.5Mmax 










= absolute value of maximum moment in the unbraced segment 
= absolute value of moment at quarter point of unbraced segment 
= absolute value of moment at centerline of unbraced segment 
= absolute value of moment at three-quarter point of unbraced segment 
Cb is permitted to be conservatively taken as unity for all cases. 
For cantilevers or overhangs where the free end is unbraced, Cb 
shall be taken as unity. For members subject to combined axial 
load and bending moment (Section C5), Cb shall be taken as uni-
ty. 
= Modulus of elasticity 
= 0.6 - 0.4 (M}1M2) (Eq. C3.l.2-12) 
where 
Ml is the smaller and M2 the larger bending moment at the ends 
of the unbraced length in the plane of bending, and where 
MIIM2, the ratio of end moments, is positive when MI and M2 
have the same sign (reverse curvature bending) and negative 
when they are of opposite sign (single curvature bending). 
When the bending moment at any point within an unbraced 
length is larger than that at both ends of this length, and for mem-
bers subject to combined compressive axial load and bending 
moment (Section C5), CTF shall be taken as unity. 
= Polar radius of gyration of the full cross-section about the shear center 
=jri + r; + x~ (Eq. C3.1.2-13) 
= Radii of gyration of the full cross-section about the centroidal principal 
axes 
= Shear modulus 
Kx, Ky, Kt = Effective length factors for bending about the x- and y-axes, and for 
twisting 
Lx, Ly, Lt = Unbraced length of compression member for bending about the x- and y-
axes, and for twisting 
= Distance from the shear center to the centroid along the principal x-axis, 
taken as negative 
J = St. Venant torsion constant of the cross section 
Cw = Torsional warping constant of the cross section 
j = 2t [L x3dA + L xy2dA ] - Xo (Eq. C3.1.2-14) 
(b) For 1- or Z-sections bent about the centroidal axis perpendicular to the web (x-axis): 
In lieu of (a), the following equations may be used to evaluate Me: 
M -- 1t
2ECbdIyc & d bi e L2 lor ou y-symmetric I-sections 
d 
L 
= n;2ECbdIyc for point-symmetric Z-sections 
2L2 
= Depth of section 
= Unbraced length of the member 
(Eq. C3.1.2-15) 
(Eq. C3.1.2-16) 
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lye = Moment of inertia of the compression portion of a section about the gravity 
axis of the entire section parallel to the web, using the full unreduced section 
Other terms are defined in (a). 
C3.1.3 Beams Having One Flange Through-Fastened to Deck or Sheath-
ing 
This section does not apply to a continuous beam for the region between inflection 
points adjacent to a support, or to a cantilever beam. 
The nominal flexural strength,Mn, of a C- or Z-section loaded in a plane parallel to 
the web, with the tension flange attached to deck or sheathing and with the compres-
sion flange laterally unbraced shall be calculated as follows: 
Mn = RSeFy (Eq. C3.1.3-1) 
nb = 1.67 (ASD) 
<Pb = 0.90 (LRFD) 
where 
R =0.40 for simple span C sections 
=0.50 for simple span Z sections 
=0.60 for continuous span C sections 
=0.70 for continuous span Z sections 
Se and Fy are defined in Section C3.1.1 
The reduction factor, R, shall be limited to roof and wall systems meeting the fol-
lowing conditions: 
(1) Member depth less than 11.5 inches (292 mm) 
(2) The flanges are edge stiffened compression elements 
(3) 60 S depth/thickness S 170 
(4) 2.8 S depth/flange width ~ 4.5 
(5) 16 S flat width/thickness of flange S 43 
(6) For continuous span systems, the lap length at each interior support in each 
direction (distance from center of support to end of lap) shall not be less 
thanl.5 d. 
(7) Member span length no greater than 33 feet (10m) 
(8) For continuous span systems, the longest merrlber span shall not be more 
than 20% greater than the shortest span 
(9) Both flanges are prevented from moving laterally at the supports 
(10) Roof or wall panels shall be steel sheets, minimum of 0.019 in. (0.48 mm) 
coated thickness, having a minimum rib depth of 1 in. (25.4 mm), spaced a 
maximum of 12 in. (305 mm) on centers and attached in a manner to effec-
tively inhibit relative movement between the panel and purlin flange 
(11) Insulation shall be glass fiber blanket 0 to 6 inches (152mm) thick com-
pressed between the member and panel in a manner consistent with the fas-
tener being used 
(12) Fastener type: minimum No. 12 self-drilling or self-tapping sheet metal 
screws or 3116 - in. (4.76 mm) rivets, washers 112 in. (12.7 mm) diameter 
(13) Fasteners shall not be standoff type screws 
(14) Fasteners shall be spaced not greater than 12 in. (305 mm) on centers and 
placed near the center of the beam flange 
If variables fall outside any of the above stated limits, the user must perfonn full 
scale tests in accordance with Section Fl of the Specification, or apply a rational anal-
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ysis procedure. In any case, the user is permitted to perfonn tests, in accordance with 
Section F1, as an alternate to the procedure described in this section. 
C3.1.4 Beams Having One Flange Fastened to a Standing Seam Roof 
System 
The nominal flexural strength, Mn, of a C- or Z-section, under gravity load, loaded 
in a plane parallel to the web with the top flange supporting a standing seam roof sys-
tem shall be determined using discrete point bracing and the provisions of Section 
C3.1.2 or shall be calculated as follows: 
Mn = RSeFy 
Qb = 1.67 (ASD) 
<Pb = 0.90 (LRFD) 
where 
R = reduction factor determined by the "Base Test Method for Purlins Supporting 
a Standing Seam Roof System" of Part VIII of the AISI Cold-Formed Steel 
Design Manual. 
Se and Fy are defined in Section C3.1.1 
C3.2 Strength for Shear Only 
The nominal shear strength,V n, at any section shall be calculated as follows: 
(a) For hit ~ 0.96 jEkv/Fy 
V n =0.60Fyht 
Q v = 1.50 (ASD) 
<Pv = 1. 0 (LRFD) 
(b) For 0.96 jEkv/Fy < hit ~ 1.415 jEkv/Fy 
V n =0.64t2 jkvFyE 
Q v = 1.67 (ASD) 
<Pv =0.90 (LRFD) 
(c) For hIt> ] .415 jEkv/Fy 
where 
V j[2Ekvt 3 = 0.905Ek t3Jh 
n 12(1-~2)h y 
ny = 1.67 (ASD) 
<Pv =0.90 (LRFD) 
V n =Nominal shear strength of beam 
t = Web thickness 
h = Depth of the flat portion of the web measured along the plane of the web 
ky = Shear buckling coefficient determined as follows: 
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2. For beam webs with transverse stiffeners satisfying the requirements of 
Section B6 
when a/h ~ 1.0 
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kv = 4.00 + 5.342 (a/h) 
when a/h > 1.0 
(Eq. C3.2-4) 
kv = 5.34 + 4.00 
(a/h)2 
where 
a = the shear panel length for unrein forced web element 
(Eq. C3.2-5) 
= the clear distance between transverse stiffeners for reinforced web elements. 
For a web consisting of two or more sheets, each sheet shall be considered as a sep-
arate element carrying its share of the shear force. 
C3.3 Strength for Combined Bending and Shear 
C3.3.1 ASD Method 
For beams with unreinforced webs, the required flexural strength, M, and required 
shear strength, V, shall satisfy the following interaction equation: 
(
Q bM)2 (QvV)2 
Mnxo + v;: ~ 1.0 
For beams with transverse web stiffeners, the required flexural strength, M, and 
required shear strength, V, shall not exceed Mn/Ob and V JOv, respectively. When 
nbMIMnxo> 0.5 and Ov V N n > 0.7, then M and V shall satisfy the following interaction 
equation: 
0.6(QbM) + (QvV) ~ 1.3 
Mnxo Vn 
where: 
nb = Factor of safety for bending (See Section C3.1.1) 
nv = Factor of safety for shear (See Section C3.2) 
(Eq. C3.3.1-l) 
(Eq. C3.3.1-2) 
Mn = Nominal flexural strength when bending alone exists 
Mnxo = Nominal flexural strength about the centroidal x-axis determined in accor-
dance with Section C3.1.1 
V n = Nominal shear force when shear alone exists 
C3.3.2 LRFD Method 
For beams with unrein forced webs, the required flexural strength, Mu, and the re-
quired shear strength, Vu, shall satisfy the following interaction equation: 
( 
Mu )2 + (~)2 < I 0 (Eq. C3.3.2-1) 
<PbMnxo <Pv V n - . 
For beams with transverse web stiffeners, the required flexural strength, Mu, and 
the required shear strength, Vu, shall not exceed q,.,Mn and q,vVn, respectively. When Mu/(ct>~nxo) > 0.5 and Vu/(ct>v V n) > 0.7, then Mu and Vu shall satisfy the following inter-
action equation: 
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o 6( Mu ) + (~) s 1.3 
. <PbMnxo <Pv V n 
(Eq. C3.3 .2-2) 
where: 
<Pb = Resistance factor for bending (See Section C3.1.1) 
<Pv = Resistance factor for shear (See Section C3.2) 
Mo = Nominal flexural strength when bending alone exists 
Moxo = Nominal flexural strength about the centroidal x-axis detennined in accor-
dance with Section C3.1.1 
V 0 = Nominal shear strength when shear alone exists 
C3.4 Web Crippling Strength 
These provisions are applicable to webs of flexural members subject to concen-
trated loads or reactions, or the components thereof, acting perpendicular to the longitudi-
nal axis of the member, and in the plane of the web under consideration, and causing com-
pressive stresses in the web. 
The nominal web crippling strength, Po, shall be determined from Table C3.4-1. 
For single unreinforced webs: 
Ow = 1.85 (ASD) 
CPw = 0.75 (LRFD) 
For I-sections: 
Ow = 2.0 (ASD) 
CPw = 0.80 (LRFD) 
For two nested Z-sections when evaluating the web crippling strength for the inte-
rior one flange loading (Eq. C3.4-4): 
Ow = 1.80 (ASD) 
CPw = 0.85 (LRFD) 
Webs of flexural members for which hit is greater than 200 shall be provided with 
adequate means of transmitting concentrated loads and/or reactions directly into the 
webs. 
The equations in Table C3.4-1 apply to beams when Rlt ~ 6 and to deck when Rlt ~ 
7, NIt ~ 210 and Nih ~ 3.5. For a Z-section having its flange bolted to the sections's end 
support member, Eq. C3.4-1 may be multiplied by 1.3. This is valid for sections meeting 
the following limitations: 
(1) hit ~ 150 
(2) Rlt ~ 4 
(3) Cross-section base metal thickness ~ 0.060 inches 0.52 mm) 
(4) Support member thickness ~ 3116 inches (4.76 mm) 
Po represents the nominal strength for concentrated load or reaction for one solid 
web connecting top and bottom flanges. For two or more webs, Pn shall be computed for 
each individual web and the results added to obtain the nominal load or reaction for the 
multiple web. 
For built-up I-sections, or similar sections, the distance between the web connec-
tor and beam flange shall be kept as small as practical. 
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TABLE C3.4-1 
Equation Numbers for Nominal Strength of Webs, Pm kips (N) 
At a Concentrated Load or Reaction 
Shapes Having I-Sections or 
Single Webs Similar SectionsO) 
Stiffened or Stiffened. 
Partially Unstiffened Partially Stiffened 
Stiffened Flanges and Un stiffened 
Flanges Flanges 
Opposing Loads End Reaction(3) Eq. C3.4-1 Eq. C3.4-2 Eq. C3.4-3 
Spaced> 1.5h(2) Interior Reaction(4) Eq. C3.4-4 Eq. C3.4-4 Eq. C3.4-5 
Opposing Loads End Reaction(3) Eq. C3.4-6 Eq. C3.4-6 Eq. C3.4-7 
Spaced ~ 1.5h{S) Interior Reaction(4) Eq. C3.4-B Eq. C3.4-B Eq. C3.4-9 
Footnotes and Equation References to Table C3.4-1: 
(1) I-sections made of two C-sections connected back to back or similar sections which 
provide a high degree of restraint against rotation of the web (such as I-sections 
made by welding two angles to a C-section). 
(2) At locations of one concentrated load or reaction acting either on the top or bottom 
flange, when the clear distance between the bearing edges of this and adjacent oppo-
site concentrated loads or reactions is greater than 1.5h. 
(3) For end reactions of beams or concentrated loads on the end of cantilevers when the 
distance from the edge of the bearing to the end of the beam is less than 1.5h. 
(4) For reactions and concentrated loads when the distance from the edge of bearing to 
the end of the beam is equal to or greater than 1.5h. 
(5) At locations of two opposite concentrated loads or of a concentrated load and an op-
posite reaction acting simultaneously on the top and bottom flanges, when the clear 
distance between their adjacent bearing edges is equal to or less than 1.5h. 
Equations for Table C3 .4-1 : 
t2kC3C4C9Ce[331 --O.61(hlt)] [I + 0.01 (NIt)] * (Eq. C3.4-I) 
t2 kC3C4C9Ce[217 - 0.2B(hlt)] [1 + O.Ol(N/t)] * (Eq. C3.4-2) 
When NIt> 60, the factor [1 + 0.01 (NIt)] may be increased to [0.71 + 0.015(N/t)] 
t2FyC6 (10.0 + 1.25 jN/t) (Eq. C3.4-3) 
t2 kC}C2C9Ce[53B - 0.74(hlt)] [1 + 0.007(N/t)] (Eq. C3.4-4) 
When NIt> 60, the factor [1 + 0.OO7(N/t)] may be increased to [0.75 + 0.01 1 (Nit)] 
t2FyCs(0.BB+O.l2m) ( 15.0 + 3.25 jN/t) (Eq. C3.4-5) 
t2 kC3C4C9Ce[244 - 0.57(hlt)] [1 + 0.0 1 (NIt)] * (Eq. C3.4-6) 
t2FyCg(O.64+0.31 m) ( 10.0 + 1.25 jN /t ) (Eq. C3.4-7) 
t2 kCIC2C9Ce[771 - 2.26(hlt)] [1 + O.OOI3(N/t)] (Eq. C3.4-B) 
t2FyC7(O.B2+0.l5m) ( 15.0 + 3.25 jN/t) (Eq. C3.4-9) 
In the above-referenced equations: 
P
n 
=Nominal strength for concentrated load or reaction per web, kips (N) 
Cl = 1.22 - O.22k (Eq. C3.4-10) 
* When Fy ~ 66.5 ksi (459 MPa), the value of kC3 shall be taken as 1.34. 
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C2 = 1.06 - 0.06R1t ~ 1.0 
C3 = 1.33 - 0.33k 
C4 = 1.15 - 0.15R1t ~ 1.0 but not less than 0.50 
Cs = 1.49 - 0.53k ~ 0.6 
C6 = 1 + (~~~) when hIt ~ 150 
= 1.20, when hit > 150 
C7 = 11k, when hIt ~ 66.5 
=[ 1.10 - ~~nt. when hIt> 66.5 
Cg = [098 _ h/t]l 
. 865 k 
C9 = 1.0 for U.s. customary units, kips and in. 
=6.9 for metric units, Nand mm 











Fy = Design yield stress of the web, see Section A 7.1, ksi (MPa) 
h = Depth of the flat portion of the web measured along the plane of the web, in. (mm) 
k =894 FylE (Eq. C3.4-21) 
m =t 10.075, when t is in inches CEq. C3.4-22) 
m =t 11.91, when t is in mm (Eq. C3.4-23) 
t =.Web thickness, in. (mm) 
N = Actual length of bearing, in. (mm). For the case of two equal and opposite 
concentrated loads distributed over unequal bearing lengths, the smaller val-
ue of N shall be taken 
R = Inside bend radius 
9 = Angle between the plane of the web and the plane of the bearing surface ~ 45°, 
but not more than 900 
C3.S Combined Bending and Web Crippling Strength 
C3.S.1 ASO Method 
Unreinforced flat webs of shapes sUbjected to a combination of bending and con-
centrated load or reaction shall be designed to meet the following requirements: 
(a) For shapes having single unreinforced webs: 
(Eq. C3.5.1-l) 
Exception: At the interior supports of continuous spans, the above equation is not 
applicable to deck or beams with two or more single webs, provided the compression 
edges of adjacent webs are laterally supported in the negative moment region by continu-
ous or intermittently connected flange elements, rigid cladding, or lateral bracing, and the 
spacing between adjacent webs does not exceed 10 inches (254 mm). 
Cb) For shapes having multiple unreinforced webs such as I-sections made of two C-
sections connected back-to-back, or similar sections which provide a high degree of 
restraint against rotation of the web (such as I-sections made by welding two angles 
to a C-section); 
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Exception: In lieu of equation C3.5.1-2, when hIt $ 2.331 jFy/E and A $ 0.673, it 
shall be permitted to determine the allowable concentrated load or reaction by using P n 
Ow from Section C3.4. 
In the above equations: 
P = Required strength for the concentrated load or reaction in the presence of 
bending moment 
Po =Nominal strength for concentrated load or reaction in the absence of bend-
ing moment determined in accordance with Section C3.4 
M = Required flexural strength at, or immediately adjacent to, the point of ap-
plication of the concentrated load or reaction, P 
Moxo = Nominal flexural strength about the centroidal x-axis determined in accor-
dance with Section C3.I.1 
w =Flat width of the beam flange which contacts the bearing plate 
t = Thickness of the web or flange 
A =Slendemess factor given by Section B2.l 
(c) For the support point of two nested Z-shapes: 
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(Eq. C3.5. I -2) 
-.M... + k < 1.67 
Mno Pn - 0 (Eq. C3.5.1-3) 
where 
M = Required flexural strength at the section under consideration 
Moo = Nominal flexural strength for the nestedZ-sections, i.e. sum of the two sec-
tions evaluated individually, detennined in accordance with Section C3.1. I 
P = Required strength for the concentrated load or reaction in the presence of 
bending moment 
Po =Nominal web crippling strength assuming single web interior one-flange 
loading for the nested Z-sections, i.e., sum of the two webs evaluated indi-
vidually 
Q = Factor of safety for combined bending and web crippling 
=1.67 
The above equation is valid for shapes that meet the following limits: 
hit $ 150 
NIt $ 140 
Fy $ 70 ksi (483 MPa) 
Rlt $ 5 .5 
The following conditions shall be satisfied: 
(1) The ends of each section shall be connected to the other section by a minimum 
of two 112 inch (12.7 mm) diameter A307 bolts through the web. 
(2) The combined section shall be connected to the support by a minimum of two 
112 inch (12.7 nun) diameter A307 bolts through the flanges. 
(3) The webs of the two sections shall be in contact. 
(4) The ratio of the thicker to the thinner part shall not exceed 1.3. 
C3.S.2 LRFD Method 
U nreinforced flat webs of shapes subjected to a combination of bending and con-
centrated load or reaction shall be designed to meet the following requirements: 
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(a) For shapes having single unreinforced webs: 
1.07(~) + ( Mu ) s 1.42 
<PwP n <t>bMnxo 
CEq. C3.5.2-I) 
Exception: At the interior supports of continuous spans, the above equation is not 
applicable to deck or beams with two or more single webs, provided the compression 
edges of adjacent webs are laterally supported in the negative moment region by continu-
ous or intermittently connected flange elements, rigid cladding, or lateral bracing, and the 
spacing between adjacent webs does not exceed 10 inches (254 mm). 
(b) For shapes having multiple unreinforced webs such as I-sections made of two C-
sections connected back-to-back, or similar sections which provide a high degree of 
restraint against rotation of the web (such as I-sections made by welding two angles 
to a C-section); 
(Eq. C3.5.2-2) 
Exception: In lieu of equation C3.5.2-2, when hit ~ 2.33/ jFy/E and A ~ 0.673, it . 
shall be permitted to detennine the design strength for a concentrated load or reaction by 
using <t>wP n from Section C3.4. 
In the above equations: 
<l>b =Resistance factor for bending (See Section 3.1.1) 
<l>w =Resistance factor for web crippling (See Section C3.4) 
Pu =Required strength for the concentrated load or reaction in the presence of 
bending moment 
Pn =Nominal strength for concentrated load or reaction in the absence of bend-
ing moment determined in accordance with Section C3.4 
Mu = Required flexural strength at, or immediately adjacent to, the point of ap-
plication of the concentrated load or reaction P u 
Mnxo =Nominal flexural strength about the centroidal x-axis determined in accor-
dance with Section C3.1.1 
w =Flat width of the beam flange which contacts the bearing plate 
t = Thickness of the web or flange 
A. =Slendemess factor given by Section B2.1 
(c) For two nested Z-shapes 
Mu + Pu :5 1.68<t> (Eq. C3.5.2-3) Mno Pn 
where 
Mu = Required flexural strength at the section under consideration 
Mno = Nominal flexural strength for the two nested Z-sections, i.e., sum of the two 
sections evaluated individually, determined in accordance with Section 
C3.1.l 
P u = Required strength for the concentrated load or reaction in the presence of 
bending moment 
Pn =Nominal web crippling strength assuming single web interior one-flange 
loading for the nested Z-sections, i.e., sum of the two webs evaluated indi-
vidually 
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<I> =0.9 
The above equation is valid for shapes that meet the following limits: 
hIt ~ 150 
NIt ~ 140 
Fy ::; 70 ksi (483 MPa) 
RJt ::; 5.5 
The following conditions shall be satisfied: 
( 1) The ends of each section shall be connected to the other section by a minimum 
of two 112 inch (12.7 mm) diameter A307 bolts through the web. 
(2) The combined section shall be connected to the support by a minimum of two 
112 inch (12.7 mm) diameter A307 bolts through the flanges. 
(3) The webs of the two sections shall be in contact. 
(4) The ratio of the thicker to the thinner part shall not exceed 1.3. 
C4 Concentrically Loaded Compression Members 
This section applies to members in which the resultant of all loads acting on the member 
is an axial load passing through the centroid of the effective section calculated at the stress, 
Fn, defined in this section. 
(a) The nominal axial strength, Pn, shall be calculated as follows: 
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Pn = AeFn (Eq. C4-l) 
Qc = 1.80 (ASD) 
<Pc = 0.85 (LRFD) 
where 
Ae = Effective area at the stress Fn. For sections with circular holes, Ae shall be deter-
mined according to Section B2.2a, subject to the limitations of that section. If the 
number of holes in the effecti ve length region times the hole diameter di vided by 
the effective length does not exceed 0.015, Ae can be determined ignoring the 
holes. 
Fn is determined as follows: 
For Ac ::; 1.5 Fn = (0.658A~)Fy CEq. C4-2) 
For Ac > 1.5 Fn = [O'~r ]Fy (Eq. C4-3) 
where 
A = (F; (Eq. C4-4) 
C VFe 
Fe = the least of the elastic flexural, torsional and torsional-flexural buckling 
stress determined according to Sections C4.l through C4.3. 
(b) Concentrically loaded angle sections shall be designed for an additional bending mo-
ment as specified in the definitions ofMx, My (ASD) or Mux, Muy (LRFD) Section C5.2. 
(c) The slenderness ratio, KUr, of all compression members preferably should not exceed 
200, except that during construction only, KLlr preferably should not exceed 300. 
C4.1 Sections Not Subject to Torsional or Torsional-Flexural Buckling 
For doubly-symmetric sections, closed cross sections and any other sections 
which can be shown not to be subject to torsional or torsional-flexural buckling, the elas-
tic flexural buckling stress, Fe, shall be determined as follows: 
F - n;2E (Eq. C4.l-l) 
e - (KL/r)2 
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where 
E = Modulus of elasticity 
K = Effective length factor* 
L = Unbraced length of member 
r = Radius of gyration of the full, unreduced cross section 
C4.2 Doubly- or Singly-Symmetric Sections Subject to Torsional or Tor-
sional-Flexural Buckling 
For singly-symmetric sections subject to torsional-flexural buckling, Fe shall be 
taken as the smaller of Fe calculated according to Section C4.1 and Fe calculated as fol-
lows: 
Fe = 2~ [(Oex + a,) - j(Oex + 0/ - 4~oexO,] (Eq. C4.2-1) 
Alternatively, a conservative estimate of Fe can be obtained using the following 
equation: 
F - °tOex (Eq. C4.2-2) 
e - at + Oex 
where crt and crex are as defined in Section C3.1.2: 
~ = 1 - (xJro)2 
For singly-symmetric sections, the x-axis is assumed to be the axis of symmetry. 
For doubly-symmetric sections subject to torsional buckling, Fe shall be taken as 
the smaller of Fe calculated according to Section C4.1 and Fe=ah where at is defined in 
Section C3.1.2. 
C4.3 Nonsymmetric Sections 
For shapes whose cross sections do not have any symmetry, either about an axis or 
about a point, Fe shall be detennined by rational analysis. Alternatively, compression 
members composed of such shapes may be tested in accordance with Chapter F. 
C4.4 Compression Members Having One Flange Through-Fastened to 
Deck or Sheathing 
These provisions are applicable to C- or Z-sections concentrically loaded along 
their longitudinal axis, with only one flange attached to deck or sheathing with through 
fasteners. 
The nominal axial strength of simple span or continuous C- or Z-sections shall be 
calculated as follows: 
(a) For weak axis nominal strength 
Pn = CIC2C3AE/29500 kips (Newtons) 
n = 1.80 (ASD) 
$ = 0.85 (LRFD) 
* In frames where lateral stability is provided by diagonal bracing, shear walls, attachment to an adjacent struc-
ture having adequate lateral stability, or floor slabs or roof decks secured horizontally by walls or bracing sys-
tems parallel to the plane of the frame, and in trusses, the effective length factor, K, for compression members 
which do not depend upon their own bending stiffness for lateral stability of the frame or truss, shall be taken as 
unity. unless analysis shows that a smaller value may be used. In a frame which depends upon its own bending 
stiffness for lateral stability, the effective length, KL, of the compression members shall be determined by a 
rational method and shall not be less than the actual unbraced length. 
(Eq. C4.2-3) 
(Eq. C4.4-l) 
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where: 
CI = (0.79x + 0.54) 
C2 = (1.17t + 0.93) when t is in inches 
C2 = (0.0461 t + 0.93 ) when t is in millimeters 
C3 = (2.5b - 1.63d + 22.8) when band d are in inches 
C3 = (0.0984b - 0.0642d + 22.8) when b and d are in millimeters 
For Z-sections: 
x = The fastener distance from the outside web edge divided by the flange 
width, as shown in Figure C4.4. 
For C-sections: 
x = the flange width minus the fastener distance from the outside web edge 
divided by the flange width, as shown in Figure C4.4. 
t = C- or Z-section thickness 
b = C- or Z-section flange width 
d = C- or Z-section depth 
A = The full unreduced cross-sectional area of the C- or Z-section 
E = Modulus of elasticity of steel 
= 29,500 ksi for U.S. customary units 
= 203 000 MPa for SI units 
b 
For Z-Sections x = ~ 
For C-sections x = b b a 
Figure C4.4 Definition of x 
Eq. C4.4-1 shall be limited to roof and wall systems meeting the following conditions: 
(1) t not exceeding 0.125 inches (3.22 mm) 
(2) 6 inches (152mm) ~ d ~ 12 inches (305 mm) 
(3) Flanges are edge stiffened compression elements 
(4) 70~d/t~170 
(5) 2.8::; d/b < 5 
(6) 16::; flange flat width I t < 50 
(7) Both flanges are prevented from moving laterally at the supports 
(8) Steel roof or steel wall panels with fasteners spaced 12 inches (305 mm) on 
center or less and having a minimum rotational lateral stiffness of 0.0015 klinlin 
(10 300Nlmlm) (fastener at mid-flange width) as determined by the AISI test 
procedure * 
• Further information on the test procedure should be obtained from "Rotational-Lateral Stiffness Test Method 
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(9) C- and Z-sections having a minimum yield point of 33 ksi (228MPa) 
(10) Span length not exceeding 33 feet (10m) 
(b) For strong axis nominal strength, the equations contained in Section C4 and C4.1 of 
the Specification shall be used. 
CS Combined Axial Load and Bending 
CS.1 Combined Tensile Axial Load and Bending 
CS.1.1 ASD Method 
tions: 



















Required tensile axial strength 
Required flexural strengths with respect to the centroidal axes 
of the section 
Nominal tensile axial strength determined in accordance with 
Section C2 
Nominal flexural strengths about the centroidal axes deter-
mined in accordance with Section C3 
SftFy 
Section modulus of the full section for the extreme tension fiber 
about the appropriate axis 
1.67 for bending strength (Section C3.1.1) or for laterally uo-
braced beams (Section C3.1.2) 
1.67 
CS.1.2 LRFD Method 
The required strengths Tu, Mux, and Muy shall satisfy the following interaction 
equations: 
. Mux + Muy + ~ < 1 0 
<t>bMnxt <PbMnyt <PtT n - . 
where 
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Mux, Muy = Required flexural strengths with respect to the centroidal axes. 
Tn = Nominal axial strength determined in accordance with Section 
C2 
Mnx, Mny = Nominal flexural strengths about the centroidal axes deter-
mined in accordance with Section C3 
Mnxh Mnyt = SftFy 
Sft = Section modulus of the full section for the extreme tension fiber 
about the appropriate axis 
<Ph = 0.90 or 0.95 for bending strength (Section C3.1.1), or 0.90 for 
laterally unbraced beams (Section C3.1.2) 
<Pt = 0.95 
C5.2 Combined Compressive Axial Load and Bending 
C5.2.1 ASD Method 
The required strengths P, Mx, and My shall satisfy the following interaction equa-
tions: 
np QM QM _~c:;_c_ + _b_X + ~ s 1.0 
Pno Mnx Mny 
When ncPIPn =:; 0.15, the following equation may be used in lieu of the above two 
equations: 
np QM QM _~c:;_c_ + _b_x + ~ s 1.0 





= Required compressive axial strength 
= Required flexural strengths with respect to the centroidal axes 
of the effective section determined for the required compressive 
axial strength alone. For angle sections, My shall be taken either 
as the required flexural strength or the required flexural strength 
plus PL/1 000, whichever results in a lower permissible value of 
P. 
= Nominal axial strength determined in accordance with Section 
C4 
= Nominal axial strength determined in accordance with Section 
C4, with Fn = Fy 
= Nominal flexural strengths about the centroidal axes deter-
mined in accordance with Section C3 
1 _ QcP 
PEx 
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1.67 for bending strength (Section C3 .1.1) or for laterally un-
braced beams (Section C3.1.2) 
1.80 
Moment of inertia of the full, unreduced cross section about the 
x-axis 
= Moment of inertia of the full, unreduced cross section about the 
y-axis 
= Actual unbraced length for bending about the x-ax.is 
= Actual unbraced length for bending about the y-axis 
= Effective length factor for buckling about the x-axis 
= Effective length factor for buckling about the y-axis 
= Coefficients whose value shall be taken as follows: 
I. For compression members in frames subject to joint transla-
tion (sidesway) 
Cm = 0.85 
2. For restrained compression members in frames braced against 
joint translation and not subject to transverse loading between 
their supports in the plane of bending 
(Eq. CS.2.1-7) 
Cm = 0.6 - 0.4 (MIIM2) (Eq. C5.2.1-8) 
where 
MIIM2 is the ratio of the smaller to the larger moment at the 
ends of that portion of the member under consideration which 
is unbraced in the plane of bending. M 11M2 is positive when 
the member is bent in reverse curvature and negative when it is 
bent in single curvature 
3. For compression members in frames braced against joint 
translation in the plane of loading and subject to transverse 
loading between their supports, the value of Cm may be deter-
mined by rational analysis. However, in lieu of such analysis, 
the following values may be used: 
(a) for members whose ends are restrained, Cm = 0.85 
(b) for members whose ends are unrestrained, Cm = 1.0 
CS.2.2 LRFD Method 
The required strengths Pu, Mux, and Muy shall satisfy the following interaction 
equations: 
~ + CrnxMux + CmyMuy < 1 0 
<PcP n <PbMnxax <PbMnyay - . 
(Eq. C5.2.2-1) 
(Eq. CS .2.2-2) 
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When P u/<vcP n ~ 0.15, the following equation may be used in lieu of the above two 
equations: 
~ + Mux + Muy < 
<PcP n <PbMnx <PbMny - 1.0 
where 
- Required compressive axial strength 
= Required flexural strengths with respect to the centroidal axes 
of the effecti ve section determined for the required compressi ve 
axial strength alone. For angle sections, Muy, shall be taken ei-
ther as the required flexural strength or the required flexural 
strength plus PuLIlOOO, whichever results in a lower pennissi-
ble value of Pu' 
= Nominal axial strength determined in accordance with Section 
C4 
= Nominal axial strength determined in accordance with Section 
C4, with Fn = Fy 
= Nominal flexural strengths about the centroidal axes deter-
mined in accordance with Section C3 
a.x = 1 - Pu PEx 





= 0.90 or 0.95 for bending strength (Section C3.I.I), or 0.90 for 
laterally unbraced beams (Section C3.1.2) 
= 0.85 
= Moment of inertia of the full, unreduced cross section about the 
x-axis 
= Moment of inertia of the full, unreduced cross section about the 
y-axIs 
= Actual unbraced length for bending about the x-axis 
= Actual unbraced length for bending about the y-axis 
= Effective length factor for buckling about the x-axis 
= Effective length factor for buckling about the y-axis 
= Coefficients whose value shall be taken as follows: 
1. For compression members in frames subject to joint transla-
tion (sidesway) 
Cm = 0.85 
2. For restrained compression members in frames braced against 
joint translation and not subject to transverse loading between 
their supports in the plane of bending 
V-63 
(Eq. C5.2.2-3) 
(Eq. C5 .2.2-4) 
(Eq. CS.2.2-S) 
(Eq. CS.2.2-6) 
(Eq. CS .2.2-7) 
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where 
MIIM2 is the ratio of the smaller to the larger moment at the 
ends of that portion of the member under consideration which 
is unbraced in the plane of bending. MIIM2 is positive when 
the member is bent in reverse curvature and negative when it is 
bent in single curvature. 
3. For compression members in frames braced against jojnt 
translation in the plane of loading and subject to transverse 
loading between their supports, the value of Cm may be deter-
mined by rational analysis. However, in lieu of such analysis, 
the following values may be used: 
(a) for members whose ends are restrained, Cm = 0.S5, 
Cb) for members whose ends are unrestrained, Cm = 1.0. 
C6 Cylindrical Tubular Members 
The requirements of this Section apply to cy lindrical tubular members having a ratio of 
outside diameter to wall thickness, O/t, not greater than 0.441 ElFy. 
C6.1 Bending 
For flexural members, the nominal flexural strength, Mn, shall be calculated as follows: 
For D/t ~ 0.070 ElFy 
Mn= 1.25 FySf 
For 0.070 ElFy < O/t ~ 0.319 ElFy 
Mn= [ 0.970 + 0.Q20(~~:) ]FyS f 
For 0.319 FlFy < O/t ~ 0.441 ElFy 
Mn=[0.32SFJ(0/t)]Sf 
nb = 1.67 (ASO) 
<Pb =0.95 (LRFD) 
where 
Sf = Elastic section modulus of the full, unreduced cross section 
C6.2 Compression 
The requirements of this Section apply to members in which the resultant of all 
loads and moments acting on the member is equivalent to a single force in the direction of 
the member axis passing through the centroid of the section. 





Po =FnAe (Eq. C6.2-1) 
nc = 1.S0 (ASO) 
~c =0.85 (LRFD) 
Fo is detennined as follows: 
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For Ac ~ 1.5 
Fn = (0.658).~)Fy 
For Ac > 1.5 




In the above equations: 
Fe = The elastic flexural buckling stress determined according to Section 
C4.1 
Ae = [1-(I-R2)(1-AJA)] A 
R = jFy/2Fe 
- [0.037 o 667]A & D 0441 E Ao - (DFy)/(tE) +. s A lor T s. Fy 
A = Area of the unreduced cross section 
C6.3 Combined Bending and Compression 
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D. STRUCTURAL ASSEMBLIES 
01 Built-Up Sections 
01.1 I - Sections Composed of Two C-Sections 
The maximum permissible longitudinal spacing of welds or other connectors, 
S J' oining two C-sections to form an I-section shall be: max, 






L = Unbraced length of compression member 
r I = Radius of gyration of the I-section about the axis perpendicular to the direc-
tion in which buckling would occur for the given conditions of end support 
and intermediate bracing 
r cy = Radius of gyration of one C-section about its centroidal axis parallel to the 
web 
(b) For flexural members: 
< 2gT s 
Smax = L / 6 - mq 
where 
L = Span of beam 
Ts = Design strength of connection in tension (Section E) 
g = Vertical distance between the two rows of connections nearest to the top and 
bottom flanges 
q = Design load on the beam for spacing of connectors (Use nominal loads for 
ASD, factored loads for LRFD. For methods of determination, see below) 
m = Distance from the shear center of one C-section to the mid-plane of its web. 
For simple C-sections without stiffening lips at the outer edges, 
w2 
m= f 
2w f + d/3 
For C-sections with stiffening lips at the outer edges, 
m = :~~t [Wfd + 2D( d - 4Pct2)] 
Wf = Projection of flanges from the inside face of the web (For C-sections with 
flanges of unequal width, Wf shall be taken as the width of the wider flange) 
d = Depth of C-section or beam 
D = Overall depth of lip 
Ix = Moment of inertia of one C-section about its centroidal axis normal to the 
web 
The load, q, is obtained by dividing the concentrated loads or reactions by the 
length of bearing. For beams designed for a uniformly distributed load, q shall be taken 
equal to three times the uniformly distributed load, based on nominal loads for ASD, fac-
tored loads for LRFD. If the length of bearing of a concentrated load or reaction is smaller 
than the weld spacing, s, the required design strength of the welds or connections closest 




Ts = Psml2g (Eq. D1.1-5) 
where Psis a concentrated load or reaction based on nominal loads for 
ASD, factored loads for LRFD. 
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The allowable maximum spacing of connections, Smax, depends upon the intensity 
of the load directly at the connection. Therefore, if uniform spacing of connections is 
used over the whole length of the beam, it shall be determined at the point of maximum 
local load intensity. In cases where this procedure would result in uneconomically close 
spacing, either one of the following lnethods may be adopted: (a) the connection spacing 
may be varied along the beam according to the variation of the load intensity; or (b) rein-
forcing cover plates may be welded to the flanges at points where concentrated loads oc-
cur. The design shear strength of the connections joining these plates to the flanges shall 
then be used for Ts, and g shall be taken as the depth of the beam. 
01.2 Spacing of Connections in Compression Elements 
The spacing, s, in the line of stress, of welds, rivets, or bolts connecting a cover 
plate, sheet, or a non-integral stiffener in compression to another element shall not ex-
ceed 
(a) that which is required to transmit the shear between the connected parts on the basis 
of the design strength per connection specified elsewhere herein; nor 
(b) 1.16t jE / fe, where t is the thickness of the cover plate or sheet, and fc is the stress at 
service load in the cover plate or sheet; nor 
(c) three times the flat width, w, of the narrowest un stiffened compression element trib-
utary to the connections, but need not be less than 1.lltjE/Fy if wIt < O.50jE/Fy• 
or 1.33t jE/F y if wIt ~ 0.50 JEfFy, unless closer spacing is required by (a) or (b) 
above. 
In the case of intermittent fillet welds parallel to the direction of stress, the spacing 
shall be taken as the clear distance between welds, plus one-half inch. In all other cases, 
the spacing shall be taken as the center-to-center distance between connections. 
Exception: The requirements of this Section do not apply to cover sheets which act 
only as sheathing material and are not considered as load-carrying elements. 
02 Mixed Systems 
The design of members in mixed systems using cold-formed steel components in con-
junction with other materials shall conform to this Specification and the applicable specifica-
tion of the other material. 
03 Lateral Bracing 
Braces shall be designed to restrain lateral bending or twisting of a loaded beam or col-
umn, and to avoid local crippling at the points of attachment. 
03.1 Symmetrical Beams and Columns 
Braces and bracing systems, including connections, shall be designed considering 
strength and stiffness requirements. 
03.2 C-Section and Z-Section Beams 
The following provisions for bracing to restrain twisting of C-sections and Z-sec-
tions used as beams loaded in the plane of the web, apply only when (a) the top flange is 
connected to deck or sheathing material in such a manner as to effectively restrain lateral 
deflection of the connected flange*, or (b) neither flange is so connected. When both 
flanges are so connected, no further bracing is required. 
* Where the Specification does not provide an explicit method for design, further information should be 
obtained from the Commentary. 
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03.2.1 Anchorage of Bracing for Roof Systems Under Gravity Load With 
Top Flange Connected to Sheathing 
For C-sections and Z-sections designed according to Section C3 .1.1, and having 
deck or sheathing fastened to the top flanges (through fastened or standing seam sys-
terns) , provisions shall be made to restrain the flanges so that the maximum top flange 
lateral displacements with respect to the purlin reaction points do not exceed the span 
length divided by 360. If the top flanges of all purlins face in the same direction, an-
chorage of the restraint system must be capable of satisfying the requirements of Sec-
tions D3.2.1 (a) and D3.2.1(b). If the top flanges of adjacent lines of purlins face in 
opposite directions, the provisions of Section D3.2.1(a) and D3.2.l(b) do not apply. 
Anchored braces need to be connected to only one line of purlins in each purlin bay 
of each roof slope if provision is made to transmit forces from other purlin lines 
through the roof deck and its fastening system. Anchored braces shall be as close as 
possible to the flange which is connected to the deck or sheathing. Anchored braces 
shall be provided for each purlin bay. 
For bracing arrangements other than those covered in Sections D3 .2.1 (a) and 
D3.2.1(b), tests in accordance with Chapter F shall be performed so that the type and! 
or spacing of braces selected are such that the test strength of the braced Z-section 
assembly is equal to or greater than its nominal flexural strength, instead of that re-
quired by Chapter F. 
(a) C-Sections 
For roof systems using C-sections for purlins with all compression flanges fac-
ing in the same direction, a restraint system capable of resisting O.05W, in addi-
tion to other loading, shall be provided where W is the design load (nominal 
load for ASD, factored load for LRFD) supported by all purlin lines being re-
strained. Where more than one brace is used at a purlin line, the restraint force 
0.05W shall be divided equally between all braces. 
(b) Z-Sections 
For roof systems having four to twenty Z-purlin lines with all top flanges fac-
ing in the direction of the upward roof slope, and with restraint braces at the 
purlin supports, midspan or one-third points, each brace shall be designed to 
resist a force determined as follows: 
(1) Single-Span System with Restraints at the Supports: 
_ [0.220b 1.50 .] PL - 0.5 ng.72dO.90tO.60 - sm e W (Eq. D3.2.1-1) 
(2) Single-Span System with Third-Point Restraints: 
_ [0.474b1.22 .] PL - 0.5 ng.57dO.89t0.33 - sm e W (Eq. D3.2.1-2) 
(3) Single-Span System with Midspan Restraint: 
_ [ 0.224b 1.32 .] 
PL - ng.65dO.83tO.50 - sm 8 W (Eq. D3.2.l-3) 
(4) Multiple-Span System with Restraints at the Supports: 
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P _ [0.053b 1.88L 0.13 . ] 
L - Ctr ng.95d 1.07tO.94 - sIn e w (Eq. D.3.2.1-4) 
with 
Ctr =0.63 for braces at end supports of multiple-span systems 
Ctr =0.87 for braces at the first interior supports 
Ctr =0.81 for all other braces 
(5) Multiple-Span System with Third-Point Restraints: 
P _ [0.1 81b1.15Lo.25 . ] 
L - Cth ng.54d 1.11 to.29 - sIn e w 
with 
Cth=0.57 for outer braces in exterior spans 
Cth=0.48 for all other braces 
(6) Multiple-Span System with Midspan Restraints: 
-C [0.116b1.32LO.l8 . e] PL - ms nO.70dto.50 sm W 
p 
with 
Cms = 1.05 for braces in exterior spans 
Cms =0.90 for all other braces 
where 
b = Flange width 
d =Depth of section 
t = Thickness 
L = Span length 
(Eq. D3.2.1 .-5) 
(Eq. D3.2.1-6) 
9 = Angle between the vertical and the plane of the web of the Z-section, 
degrees 
np = Number of parallel purlin lines 
W = Total load supported by the purlin lines between adjacent supports 
(Use nominal loads for ASD, factored loads for LRFD) 
The force, PL, is positive when restraint is required to prevent movement of the 
purl in flanges in the upward roof slope direction. 
For systems having less than four purlin lines, the brace force shall be determined 
by taking 1.1 times the force found from Equations D3.2.1-1 through D3.2.1-6, with 
np = 4. For systems having more than twenty purlin lines, the brace force shall be de-
termined from Equations D3.2.I-l through D3.2.1-6, with np = 20 and W based on 
the total number of purl ins . 
03.2.2 Neither Flange Connected to Sheathing 
Each intermediate brace, at the top and bottom flange, shall be designed to resist a 
required lateral force, PL, determined as follows: 
(a) For uniform loads, PL = 1.5K' times the design load (nominal loads for ASD, 
factored loads for LRFD) within a distance O.Sa each side of the brace. 
(b) For concentrated loads, PL = I.OK' times each design concentrated load within 
a distance O.3a each side of the brace, plus I.4K' (l-xla) times each design con-
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centrated load located farther than O.3a but not farther than 1.0a from the brace. 
The design concentrated load is the nominal load for ASD or the factored load 
forLRFD. 
In the above equations: 
For C-sections and Z-sections: 
x = Distance from the concentrated load to the brace 




m =Distance from the shear center to the mid-plane of the web, as specified in 
Section D 1.1 






Ixy = Product of inertia of the full section about centroidal axes parallel and perpen-
dicular to the web 
Ix = Moment of inertia of the full section about the centroidal axis perpendicular to 
the web 
Braces shall be designed to avoid local crippling at the points of attachment to the 
member. 
When braces are provided, they shall be attached in such a manner to effectively 
restrain the section against lateral deflection of both flanges at the ends and at any in-
termediate brace points. 
When all loads and reactions on a beam are transmitted through members which 
frame into the section in such a manner as to effectively restrain the section against 
torsional rotation and lateral displacement, no additional braces will be required ex-
cept those required for strength according to Section C3.1.2. 
03.3 Laterally Unbraced Box Beams 
For closed box-type sections used as beams subject to bending about the major 
axis, the ratio of the laterally unsupported length to the distance between the webs of the 
section shall not exceed 0.086 FlFy. 
04 Wall Studs and Wall Stud Assemblies 
Wall studs shall be designed either on the basis of an all steel system in accordance with 
Section C or on the basis of sheathing in accordance with Section D4.1 through D4.3. Both 
solid and perforated webs shall be pennitted. Both ends of the stud shall be connected to 
restrain rotation about the longitudinal stud axis and horizontal displacement perpendicular 
to the stud axis. 
(a) All Steel Design 
Wall stud assernblies using an all steel design shall be designed neglecting the structural 
contribution of the attached sheathings and shall comply with the requirements of Section C. 
In the case of circular web perforations, see Section B2.2, and for non-circular web perfora-
tions, the effective area shall be determined as follows: 
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The effective area, Ae at a stress Fn, shall be determined in accordance with Section B, 
assuming the web to consist of two unstiffened elements, one on each side of the perforation, 
or the effective area, Ae, shall be detennined from stukolumn tests. 
When Ae is determined in accordance with Section B, the following limitations related to 
the size and spacing of perforations and the depth of the stud shall apply: 
(1) The center-to-center spacing of web perforations shall not be less than 24 inches 
(610 mm). 
(2) The maximum width of web perforations shall be the lesser of 0.5 times the depth, d, 
of the section or 2-112 inches (63.5 mm). 
(3) The length of web perforations shall not exceed 4-1/2 inches (114 mm). 
(4) The section depth-to-thickness ratio, d/t, shall not be less than 20. 
(5) The distance between the end of the stud and the near edge of a perforation shall not 
be less than 10 inches (254 mm). 
(b) Sheathing Braced Design 
Wall stud assemblies using a sheathing braced design shall be designed in accordance 
with Sections D4.1 through D4.3 and in addition shall comply with the following require-
ments: 
In the case of perforated webs, the effective area, Ae, shall be determined as in (a) above. 
Sheathing shall be attached to both sides of the stud and connected to the bottom and top 
horizontal members of the wall to provide lateral and torsional support to the stud in the plane 
of the wall. 
Sheathing shall conform to the limitations specified under Table D4. Additional bracing 
shall be provided during construction, if required. 
The equations given are applicable within the following limits: 
Yield strength, Fy $; 50 ksi (345 MPa) 
Section depth, d $; 6.0 in. (152 mm) 
Section thickness, t $; 0.075 in. 0.91 mm) 
Overall length, L $; 16 ft. (4.88 m) 
Stud spacing, 12 in. (305 mm) minimum; 24 in. (610 mm) maximum 
04.1 Wall Studs in Compression 
For studs having identical sheathing attached to both flanges, and neglecting any 
rotational restraint provided by the sheathing, the nominal axial strength, Pn, shall be cal-
culated as follows: 
Pn =AeFn 
Q c = 1.80 (AS D) 
<Pc = 0.85 (LRFD) 
where 
Ae = Effective area determined at Fn 
Fn =The lowest value determined by the following three conditions: 
(a) To prevent column buckling between fasteners in the plane of the wall, Fn shall be 
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(b) To prevent flexural and/or torsional overall column buckling, Fn shall be calculated 
in accordance with Section C4 with Fe taken as the smaller of the two (JCR values 
specified for the following section types, where (JCR is the theoretical elastic buck-
ling stress under concentric loading. 
( 1) Singly-symmetric C...:Sections 
(JCR =(J ey + Qa 




(JCR =0' t + Qt 
<JCR =! {(aex + aey + Q.) -
(Eq. D4.l-4) 
[(aex + aey + Ql- 4(aexaey + aexQ. - a2exy)] } 
CEq. D4.1-5) 
(3) I-Sections (doubly-symmetric) 
(JCR = (Jey + Qa 
(JCR =(Jex 
In the above equations: 
1t2E (Jex 
(L/rx)2 
(Jexy = (1t2EIxy) / (AL2 ) 
n2E (Jey - 2 (L/ry) 
(Jt =_l_[GJ + 1t2ECw] 
Ar~ L2 
(JtQ =(Jt + Qt 
Q = QoC2 - sIs') 
where: 
s = fastener spacing, in. (mm); 6 in. (152 mm) ~ s ~ 12 in. (305 mm) 
s' = 12 in. (305 mm); 









Qa =Q/A (Eq. D4.l-14) 
A = Area of full unreduced cross section 
L =Length of stud 
Qt = (Qd2)/(4Ar~) (Eq. D4.1-15) 
d = Depth of section 
Ixy =Product of inertia 
(c) To prevent shear failure of the sheathing, a value of Fn shall be used in the fol-
lowing equations so that the shear strain of the sheathing, y, does not exceed the 
pennissible shear strain, y. The shear strain, y, shall be detennined as follows: 
y = (1t IL) [CI + (EI dl2)] (Eq. D4.1-16) 
where 
C I and E 1 are the absolute values of eland E 1 specified below for each section 
type: 
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(1) Singly-Symmetric C-sections 
CI = (Fn Co)1 (oey - Fn + Qa) 
Fo[ COex - Fn)(r~Eo - xoDo) - FoxoCDo - xoBo)] 
COex - Fo)r~( (JtQ - Fn) - (Foxo)2 
(2) Z-Sections 
Fo[ CoCoex - Fn) - DoOexy] 
C 1 = -:---.....;;.....------:-------=--
(oey - Fn + Qa)COex - Fn) - O~xy 
EI = (Fn Eo) I (OtQ - Fn ) 
(3) I-Sections 
CI = (Fn Co )1 (oey - Fn + Qa) 
EI = 0 
where 
Xo = distance from shear center to centroid along principal x-axis, (absolute 
value) 
Co, Eo, and Do are initial column imperfections which shall be assumed to be at 
least 
Co = L/350 in a direction parallel to the wall 
Do = L/700 in a direction perpendicular to the wall 
Eo = L/( d x 10,000), rad., a measure of the initial twist of the stud from 










If Fn > 0.5 Fy, then in the definitions for (Jey, 0ex, (Jexy and (JtQ, the parameters 
E and G shall be replaced by E' and G', respectively, as defined below 
E' =4EFn (Fy - Fo )/Fy2 
G' =G (E'IE) 
Sheathing parameters Qo and y shall be permitted to be determined from repre-
sentative full-scale tests, conducted and evaluated as described by published 
documented methods (see Commentary), or from the small scale test values 






Sheathing(2) k kN lengthllength 
3/8 in. (9.5 mm) to 5/8 in. (15.9 mm) thick gypsum 24.0 107.0 0.008 
Lignocellulosic board 12.0 53.4 0.009 
Fiberboard (regular or impregnated) 7.2 32.0 0.007 
Fiberboard (heavy impregnated) 14.4 64.1 0.010 
(1) The values given are subject to the following limitations: 
All values are for sheathing on both sides of the wall assembly. 
All fasteners are No.6, type S-12, self-drilling drywall screws with pan or bugle 
head, or equivalent. 
(2) All sheathing is 112 in. (12.7 mm) thick except as noted. 
For other types of sheathing, Qo and y shall be permitted to be determined conserva-
tively from representative small-specimen tests as described by published docu-
mented methods (see Commentary). 
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04.2 Wall Studs in Bending 
For studs having identical sheathing attached to both flanges, and neglecting any 
rotational restraint provided by the sheathing, the nominal flexural strengths are Moxo 
and Mnyo where 
For sections with stiffened or partially stiffened compression flanges: 
Qb = 1.67 (ASD) 
<Pb = 0.95 (LRFO) 
For sections with unstiffened compression flanges: 
Qb = 1.67 (ASD) 
<Pb = 0.90 (LRFO) 
Mnxo and Mnyo = Nominal flexural strengths about the centroidal axes determined 
in accordance with Section C3.1, excluding the provisions of Section 
C3 .1.2 (lateral buckling) 
04.3 Wall Studs with Combined Axial Load and Bending 
The required axial strength and flexural strength shall satisfy the interaction equa-
tions of Section C5 with the following redefined terms: 
Po =Nominal axial strength determined according to Section 04.1 
Mnx and Mny in Equations C5.2.l-1, C5.2.1-2 and C5.2.l-3 for ASD or C5.2.2-1, 
C5.2.2-2 and C5.2.2-3 shall be replaced by nominal flexural strengths, Mnxo and 
Mnyo, respectively. 
05 Floor, Roof or Wall Steel Diaphragm Construction 
The in-plane diaphragm nominal shear strength, Sn shall be established by calculation 
or test. 
Qd = As specified in Table 05 (ASD) 
<Pd =As specified in Table 05 (LRFD) 
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TABLE D5 
Factors of Saftey and Resistance Factors for Diaphragms 
Qd <l>d Diaphragm Condition 
2.65 0.60 for diaphragms for which the failure mode is that of buckling, otherwise; 
3.0 0.50 for diaphragms welded to the structure subjected to earthquake loads, or 
subjected to load combinations which include earthquake loads. 
2.35 0.55 for diaphragms welded to the structure subjected to wind loads, or sub-
jected to load cOInbinations which include wind loads 
2.5 0.60 for diaphragms mechanically connected to the structure subjected to earth-
quake loads, or subjected to load combinations which include earthquake-
loads. 
2.0 0.65 for diaphragms mechanically connected to the structure subjected to wind 
loads, or subjected to load combinations which include wind loads 
2.45 0.65 for diaphragms connected to the structure by either mechanical fastening 
or welding subjected to load combinations not involving wind or earth-
quake loads. 
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E. CONNECTIONS AND JOINTS 
E 1 General Provisions 
Connections shall be designed to transmit the maximum design forces acting on the con-
nected members. Proper regard shall be given to eccentricity. 
E2 Welded Connections 
The following design criteria govern welded connections used for cold-formed steel 
structural members in which the thickness of the thinnest connected part is 0.18 in. (4.57 mm) 
or less. For welded connections in which the thickness of the thinnest connected part is great-
er than 0.18 in. (4.57 mm), refer to the AISC "Specification for Structural Steel Buildings, 
Allowable Stress Design and Plastic Design", or the "Load and Resistance Factor Design 
Specification for Structural Steel Buildings". 
Except as modified herein, arc welds on steel where at least one of the connected parts is 
0.18 inch (4.57 mm) or less in thickness shall be made in accordance with the AWS D 1.3 and 
its Commentary. Welders and welding procedures shall be qualified as specified in AWS 
01.3. These provisions are intended to cover the welding positions as shown in Table E2. 
Resistance welds shall be made in conformance with the procedures given in AWS C 1.1 
or AWS Ct.3. 
TABLE E2 
Wid· P C d e Ing oSltlons overe 
Welding Position 
Square Fillet Flare- Flare-V 
Groove Arc Spot Arc Seam Weld, Bevel Groove 
Connection Butt Weld Weld Weld Lap or T Groove Weld 
F - F F F F 
Sheet to H - H H H H 
Sheet V - - V V V 
OR - - OH OR OR 
Sheet to - F F F F -
Supporting - - - H H -
Member - - - V V -
- - - OH OH -
(F = flat, H = horizontal, V = vertical. OH = overhead) 
E2.1 Groove Welds in Butt Joints 
The nominal strength, P n, of a groove weld in a butt joint, welded from one or both 
sides, shall be determined as follows: 
(a) Tension or compression normal to the effective area or parallel to the axis of the 
weld 
Pn =LteFy (Eq. E2.1-1) 
n =2.50 (ASD) 
ct> =0.90 (LRFD) 
(b) Shear on the effective area, the smaller of either Eq. E2.l-2 or E2.1-3 
Po =Lte 0.6Fxx (Eq. E2.1-2) 
n =2.50 (ASD) 
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<t> =0.80 (LRFD) 
Pn =LteFy/ !3 
n =2.50 (ASD) 
<t> =0.90 (LRFD) 
where 
P n = Nominal strength of a groove weld 
Fxx= Filler metal strength designation in A WS electrode classification 
Fy = Specified minimum yield point of the lowest strength base steel 
L = Length of weld 
te = Effective throat dimension for groove weld 
E2.2 Arc Spot Welds 
Arc spot welds permitted by this Specification are for welding sheet steel to thicker 
supporting members in the flat position. Arc spot welds (puddle welds) shall not be made 
on steel where the thinnest connected part is overO.15 inch (3.81 mm) thick, nor through a 
cornbination of steel sheets having a total thickness over 0.15 inch (3.81 mm). 
Weld washers, Figures E2.2A and E2.2B, shall be used when the thickness of the 
sheet is less than 0.028 inch (0.711 mm). Weld washers shall have a thickness between 
0.05 (1.27 mm) and 0.08 inch (2.03 mm) with a minimum prepunched hole of 3/8 inch 
(9.53 mm) diameter. 
Arc Spot Weld 
Figure E2.2A Typical Weld Washer 
Washer 
Optional Lug / , 






/ Plane of Maximum L Shear Transfer 
Figure E2.2B Arc Spot Weld Using Washer 
V 78 1996 AISI Cold-Fonned Specification 
Arc spot welds shall be specified by minimum effective diameter of fused area, de. 
Minimum allowable effective diameter is 3/8 inch (9.5 mm). 
E2.2.1 Shear 
The nominal shear strength, Po, of each arc spot weld between sheet or sheets and 
supporting member shall be determined by using the smaller of either 
n:d2 (a) Po = -to.75Fxx 
n =2.50 (ASD) 
4> =0.60 (LRFD) 
(b) For (daft) ~ 0.815j(E/Fu) 
Pn =2.20 t da Fu 
n = 2.50 (ASD) 
4> =0.60 (LRFD) 
For 0.815 j(E/Fu) < (daft) < 1.397 j(E/Fu) 
Po =O.280[ 1 + 5.59 ~}daFu 
Q = 2.50 (ASD) 
4> =0.50 (LRFD) 
For (daft) ~ 1.397 jr-(E-/-F-u) 
P n = 1.40 t da Fu 
Q =2.50 (ASD) 
4> =0.50 (LRFD) 
where 
P n = Nominal shear strength of an arc spot weld 





da = Average diameter of the arc spot weld at mid-thickness of t where da = (d - t) for a single 
sheet, and (d - 2t) for multiple sheets (not more than four lapped sheets over a supporting 
member) 
de = Effective diameter of fused area at plane of maximum shear transfer 
=0.7d - 1.5t but ~ 0.55d (Eq. E2.2.1-5) 
= Total combined base steel thickness (exclusive of coatings) of sheets involved in shear trans 
fer above the plane of maximum shear transfer 
Fxx = Filler metal strength designation in AWS electrode classification 
Fu =Tensile strength as specified in Section A3.1 or A3.2. 
Note: See Figures E2.2C and E2.2D for diameter definitions. 
The distance measured in the line of force from the centerline of a weld to the 
nearest edge of an adjacent weld or to the end of the connected part toward which 
the force is directed shall not be less than the value of entin as given below: 
PQ 
emin = Fut 
(ASD) (Eq. E2.2.1-6a) 
emio = ;:1 (LRFD) (Eq. E2.2.l-6b) 
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When FulFsy ~ 1.08 
n =2.0 (ASD) 
<I> =0.70 (LRFD) 
When FulFsy < 1.08 
where 
n = 2.22 (ASD) 
<I> =0.60 (LRFD) 
P =Required strength (nominal force) transmitted by the weld (ASD) 
Pu =Required strength (factored force) transmitted by the weld (LRFD) 
t = Thickness of thinnest connected sheet 
Fsy= Yield point as specified in Sections A3.1 or A3.2 
Note: See Figures E2.2E and E2.2F for edge distances of arc welds. 
In addition, the distance from the centerline of any weld to the end or boundary 
of the connected member shall not be less than 1.5d. In no case shall the clear 
distance between welds and the end of member be less than 1.Od. 
d e= O.7d - 1.St ~ O.SSd 
d a= d - t 
Figure E2.2C Arc Spot Weld - Single Thickness of Sheet 
d e= O.7d - 1.St ~ O.SSd 
d a= d - 2t 
Figure E2.2D Arc Spot Weld - Double Thickness of Sheet 
V-79 
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Figure E2.2E Edge Distances for Arc Spot Welds - Single Sheet 
Figure E2.2F Edge Distances for Arc Spot Welds - Double Sheet 
E2.2.2 Tension 
The uplift nominal tensile strength, Pn, of each concentrically loaded arc spot weld 
connecting sheets and supporting member, shall be computed as the smaller of either: 
_ 1td~F 
Pn - 4 xx 
or either: 
For FufE < 0.00187 
Pn = [6.59-3150(FulE)]tdaFu ~ 1.46 tdaFu 
For FulE ~ 0.00187 
P n = 0.70tdaFu 
n = 2.50 (ASD) 
<p = 0.60 (LRFD) 
The following additional limitations shall apply: 
emin ~ d 
Fxx ~ 60 ksi (414 MPa) 
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where all other parameters are as defined in Section E2.2.1 
For eccentrically loaded arc spot welds subjected to an uplift tension load, the 
nominal tensile strength shall be taken as 50 percent of the above value. 
For connections having multiple sheets, the strength shall be determined by using 
the sum of the sheet thicknesses as given by Equations E2.2.2-2 and E2.2.2-3. 
At the side lap connection within a deck system, the nominal tensile strength of the 
weld connection shall be 70 percent of the above values. 
If it can be shown by measurement that a given weld procedure will consistently 
give a larger effective diameter, de, or average diameter, da, as applicable, this larger di-
ameter may be used providing the particular welding procedure used for making those 
welds is followed. 
E2.3 Arc Seam Welds 
Arc seam welds (Figure E2.3A) covered by this Specification apply only to the fol-
lowing joints: 
(a) Sheet to thicker supporting member in the flat position. 
Jd LWidth 
Figure E2.3A Arc Seam Welds - Sheet to Supporting Member In Flat Position 
Figure E2.38 Edge Distances for Arc Seam Welds 
V-81 
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(b) Sheet to sheet in the horizontal or flat position. 
The nominal shear strength, P n, of arc seam welds shall be determined by using the 
smaller of either: 
(a) Po = [ n:~ + Lde JO.75FxX 
(b) Pn =2.5 tFuCO.25L + 0.96 da) 
n =2.50 (ASD) 
<t> =0.60 (LRFD) 
where 
P n = Nominal shear strength of an arc seam weld 
d = Width of arc seam weld 
L = Length of seam weld not including the circular ends 
(For computation purposes, L shall not exceed 3d) 
da = Average width of seam weld 
where 
da = (d - t) for a single sheet, and 
(d - 2t) for a double sheet 
de = Effective width of arc seam weld at fused surfaces 
de = 0.7d - 1.5t 
and Fu and Fxx are defined in Section E2.2.1. The minimum edge distance shall be as 
determined for the arc spot weld, Section E2.2.1. See Figure E2.3B. 
E2.4 Fillet Welds 
Fillet welds covered by this Specification apply to the welding of joints in any posi-
tion, either 
(a) Sheet to sheet, or 
(b) Sheet to thicker steel member. 
The nominal shear strength, Pn, of a fillet weld shall be determined as follows: 
(a) For longitudinal loading: 
For Lit < 25 : 
Pn = (1 - O.~lL )tLFu 
n =2.50 (ASD) 
<t> =0.60 (LRFD) 
For Lit ~ 25: 
Pn =0.75 tLFu 
n = 2.50 (ASD) 
<t> =0.55 (LRFD) 
(b) For transverse loading: 
Pn =tLFu 
n =2.50 (ASD) 
<t> =0.60 (LRFD) 
where t =Least value of tl or t2, Figures E2.4A and E2.4B 
In addition, for t> 0.150 inch (3.81 mm) the nominal strength detennined above 









Pn = 0.75 twLFxx (Eq. E2.4-4) 
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n = 2.50 (ASD) 
<I> = 0.60 (LRFD) 
where 
P n = Nominal strength of a fillet weld 
L = Length of fillet weld 
tw = Effective throat = 0.707 WI or 0.707 W2, whichever is smaller. A larger effective 
throat shall be permitted if measurement shows that the welding procedure to 
be used consistently yields a larger value of two 
WI and W2 = leg on weld (see Figures E2.4 and E2.4B). WI ~ tl in lap joints. 
Fu and Fxx are defined in Section E2.2.1. 
Figure E2.4A Fillet Welds - Lap Joint Figure E2.4B Fillet Welds - T Joint 
E2.S Flare Groove Welds 
Flare groove welds covered by this Specification apply to welding of joints in any 
position, either: 
(a) Sheet to sheet for flare-V groove welds, or 
(b) Sheet to sheet for flare-bevel groove welds, or 
(c) Sheet to thicker steel member for flare-bevel groove welds. 
The nominal shear strength, Pn, of a flare groove weld shall be determined as fol-
lows: 
V 83 
(a) For flare-bevel groove welds, transverse loading (see Figure E2.5A): 
Pn=0.833tLFu (Eq. E2.5-1) 
n =2.50 (ASD) 
<I> =0.55 (LRFD) 
(b) For flare groove welds, longitudinal loading (see Figures E2.5B through E2.5G): 
(1) For t ~ tw < 2t or if the lip height, h, is less than weld length, L: 
Figure E2.SA Flare-Bevel Groove Weld 
V 84 
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p~ 
p 
Figure E2.SB Shear In Flare Bevel Groove Weld 
p 
Figure E2.SC Shear In Flare V-Groove Weld 
-1tl+-
---r----
h~L Double Shear (Eq. E2.S-3) 
10r tw~ 2t 
Figure E2.SD Flare Bevel Groove Weld 




Figure E2.SF Flare Bevel Groove Weld 




10r t ~ tw< 2t 
Figure E2.SE Flare Bevel Groove Weld 




Figure E2.SG Flare Bevel Groove Weld 
(Not filled flush to surface, w1 < R) 
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Po = 0.75tLFu (Eq. E2.5-2) 
n =2.50 (ASD) 
<p =0.55 (LRFD) 
(2) For tw ~ 2 t and the lip height, h, is equal to or greater than weld length L: 
Po = 1.50tLFu (Eq. E2.5-3) 
n = 2.50 (AS D) 
<p =0.55 (LRFD) 
In addition, ift > 0.15 inch (3.81 mm), the nominal strength determined above shall not 
exceed the following value of P n : 
Po = 0.75twLFxx (Eq. E2.5-4) 
n = 2.50 (ASD) 
<p = 0.60 (LRFD) 
where 
Po = Limiting nominal strength of the weld 
h = Height of lip 
L = Length of the weld 
tw = Effective throat of flare groove weld filled flush to surface (See Figures E2.5D and E2.5E): 
For flare bevel groove weld = 5/16R 
For flare V-groove weld = 1I2R (3/8R when R> 112 inch (12.7mm» 
= Effective throat of flare groove weld not filled flush to surface = O. 707w I or 0.707w2, which-
ever is smaller. (See Figures E2.5F and E2.5G.) 
= A larger effective throat than those above shall be permitted if measurement shows that the 
welding procedure to be used consistently yields a larger value of two 
R = Radius of outside bend surface. 
WI and W2 = Leg on weld (see Figures E2.5P and E2.5G). 
Fu and Fxx are defined in Section E2.2.1. 
E2.6 Resistance Welds 
The nominal shear strength, Pn, of spot welding shall be determined as follows: 
Po =Tabulated value given in Table E2.6 
n =2.50 (ASD) 
<p =0.65 (LRFD) 
TABLE E2.6 
Nominal Shear Strength Of Spot Welds 
Thickness of Nominal Shear Thickness of Nominal 
Thinnest Outside Strength per Thinnest Outside Shear Strength 
Sheet Spot Sheet per Spot 
m. mm kips kN in. mm kips kN 
0.010 0.25 0.13 0.58 0.080 2.03 3.33 14.81 
0.020 0.51 0.48 2.14 0.090 2.29 4.00 17.79 
0.030 0.76 1.00 4.45 0.100 2.54 4.99 22.20 
0.040 1.02 1.42 6.32 0.110 2.79 6.07 27.00 
0.050 1.27 1.65 7.34 0.125 3.17 7.29 32.43 
0.060 1.52 2.28 10.14 0.190 4.83 10.16 45.19 
0.070 1.78 2.83 12.59 0.250 6.35 15.00 66.72 
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E3 Bolted Connections 
The following design criteria govern bolted connections used for cold-formed steel 
structural members in which the thickness of the thinnest connected part is less than 3/16 in. 
(4.76 mm). For bolted connections in which the thickness of the thinnest connected part is 
equal to or greater than 3/16 in. (4.76 mm), refer to AISC "Specification for Structural Steel 
Buildings, Allowable Stress Design and Plastic Design", or the "Load and Resistance Factor 
Design Specification for Structural Steel Buildings". 
Bolts, nuts, and washers shall generally conform to one of the following specifications: 
ASTM A 1941 A 194M, Carbon and Alloy Steel Nuts for Bolts for High-Pressure and 
High-Temperature Service 
ASTM A307(Type A), Carbon Steel Bolts and Studs, 60 000 PSI Tensile Strength 
ASTM A325, Structural Bolts, Steel, Heat Treated, 120/105 ksi Minimum Tensile 
Strength 
ASTM A325M, High Strength Bolts for Structural Steel Joints [Metric] 
ASTM A354 (Grade BD), Quenched and Tempered Alloy Steel Bolts, Studs,and Other 
Externally Threaded Fasteners (for diameter of bolt smaller than 1/2 inch) 
ASTM A449, Quenched and Tempered Steel Bolts and Studs (for diameter of bolt smaller 
than] 12 inch) 
ASTM A490, Heat-Treated Steel Structural Bolts, 150 ksi Minimum Tensile Strength 
ASTM A490M, High Strength Steel bolts, Classes 10.9 and 10.9.3, for Structural Steel 
Joints [Metric] 
ASTM A563, Carbon and Alloy Steel Nuts 
ASTM A563M, Carbon and Alloy Steel Nuts [Metric] 
ASTM F436, Hardened Steel Washers 
ASTM F436M, Hardened Steel Washers [Metric] 
ASTM F844, Washers, Steel, Plain (Flat), Unhardened for General Use 
ASTM F959, Compressible Washer-Type Direct Tension Indicators for Use with Struc-
tural Fasteners 
ASTM F959M, Compressible Washer-Type Direct Tension Indicators for Use with 
Structural Fasteners [Metric] 
When other than the above are used, drawings shall indicate clearly the type and size of 
fasteners to be employed and the nominal strength assumed in design. 
Bolts shall be installed and tightened to achieve satisfactory performance of the connec-
tions. 
The holes for bolts shall not exceed the sizes specified in Table E3, except that larger 
holes may be used in column base details or structural systems connected to concrete walls. 
Standard holes shall be used in bolted connections, except that oversized and slotted 
holes may be used as approved by the designer. The length of slotted holes shall be normal to 
the direction of the shear load. Washers or backup plates shall be installed over oversized or 
slotted holes in an outer ply unless suitable performance is demonstrated by load tests in ac-
cordance with Chapter F. 
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TABLE E3 
Maximum Size of Bolt Holes, inches 
Nominal Standard Oversized Short-Slotted Long-Slotted 
Bolt Hole Hole Hole Hole 
Diameter, d Diameter, dh Diameter, dh Dimensions Dimensions 
m. m. In. in. m. 
< 1/2 d + 1/32 d + 1/16 (d + 11)2) by (d + 1/4) (d + 1/32) by (2 Ih d) 
'?. 1/2 d + 1/16 d + 1/8 (d + 1/16) by (d + 1/4) (d + 1/16) by (2 Ih d) 
TABLE E3 
Maximum Size of Bolt Holes, millimeters 
Nominal Standard Oversized Short-Slotted Long-Slotted 
Bolt Hole Hole Hole Hole 
Diameter, d Diameter, dh Diameter, dh Dimensions Dimensions 
nun mm mm mm mm 
< 12.7 d+0.8 d + 1.6 (d + 0.8) by (d + 6.4) (d + 0.8) by (2 1/2 d) 
'?. 12.7 d + 1.6 d + 3.2 (d + 1.6) by (d + 6.4) (d + 1.6) by (2 1/2 d) 
E3.1 Shear, Spacing and Edge Distance 
The nominal shear strength, P n, of the connected part as affected by spacing and 
edge distance in the direction of applied force shall be calculated as follows: 
Pn=teFu (Eq. E3.1-l) 
(a) When FuIFsy '?. 1.08: 
n =2.0 (ASD) 
<I> =0.70 (LRFD) 
(b) When FuIFsy < 1.08: 
n =2.22 (ASD) 
<I> =0.60 (LRFD) 
where 
Pn =Nominal resistance per bolt 
e = The distance measured in the line afforce from the center of a standard hole to the nearest 
edge of an adjacent hole or to the end of the connected part 
= Thickness of thinnest connected part 
Fu =Tensile strength of the connected part as specified in Section A3.1 or A3.2 
Fsy= Yield point of the connected part as specified in Section A3.1 or A3.2 
In addition, the minimum distance between centers of bolt holes shall provide suf-
ficient clearance for bolt heads, nuts, washers and the wrench but shall not be less than 3 
times the nominal bolt diameter, d. Also, the distance from the center of any standard hole 
to the end or other boundary of the connecting member shall not be less than 11/2 d. 
For oversized and slotted holes, the distance between edges of two adjacent holes 
and the distance measured from the edge of the hole to the end or other boundary of the 
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connecting member in the line of stress shall not be less than the value of e-( dh/2), in 
which e is the required distance computed from the applicable equation given above, and 
dh is the diameter of a standard hole defined in Table E3. In no case shall the clear distance 
between edges of two adjacent holes be less than 2d and the distance between the edge of 
the hole and the end of the member be less than d. 
E3.2 Tension in Each Connected Part 
The nominal tension strength, P n, on the net section of each connected part shall be 
calculated as follows: 
(a) Washers are provided under both the bolt head and the nut 
Pn =(1.0 - 0.9r + 3rd/s) FuAn ~ FuAn (Eq. E3.2-l) 
For double shear: 
n =2.0 (ASD) 
q, =0.65 (LRFD) 
For single shear: 
n =2.22 (ASD) 
q, =0.55 (LRFD) 
(b) Either washers are not provided under the bolt head and nut, or only one washer is provided 
under either the bolt head or nut 
Pn =(1.0 - r + 2.5rd/s) FuAn ~ FuAn (Eq. E3.2-2) 
n =2.22 (ASD) 
<t> =0.65 (LRFD) 
In addition, the nominal tensile strength shall not exceed the following values: 
Pn = FyAn 
n = 1.67 (ASD) 
<p = 0.95 (LRFD) 
where 
An = Net area of the connected part 
r = Force transmitted by the bolt or bolts at the section considered, divided by the 
tension force in the member at that section. If r is less than 0.2, it shall be per-
mitted to be taken equal to zero. 
s = Spacing of bolts perpendicular to line of stress. 
In the case of a single bolt, s = Gross width of sheet 
Fu = Tensile strength of the connected part as specified in Section A3.1 or A3.2 
Fy = Yield point of the connected part 
d and t are defined in Section E3.1 
E3.3 Bearing 
The nominal bearing strength, Pn, and applicable n and <P shall be as given in 
Tables E3.3-1 and E3.3-2 for the applicable thickness and FulFsy ratio of the connected 
part and the type of joint used in the connection. 
In Tables E3.3-1 and E3.3-2, the symbols a, q" Pn, d, Fu and t were previously 
defined. For conditions not shown, the design bearing strength of bolted connections 
shall be determined by tests. 
(Eq. E3.2-3) 
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Thickness of 
Connt?cted Part, t 
In. 
(mm) 
0.024:S; t < 0.1875 
(0.61):S; t < (4.76) 
t ~ 3/16 
t ~ (4.76) 
Thickness of 
Connt?cted Part, t 
In. 
(mm) 
0.024:S; t < 0.1875 
(0.61) :s; t < (4.76) 
t ~ 3/16 
t ~ (4.76) 
TABLE E3.3-1 
Nominal Bearing Strength for Bolted Connections 
with Washers under Both Bolt Head and Nut 
Type of joint FulFsy ratio of Q <I> Connected Part ASD LRFD 
Inside sheet of ~ 1.08 2.22 0.55 
double shear 
connection < 1.08 2.22 0.65 
Single shear 
and outside 
sheets of No limit 2.22 0.60 
double shear 
connection 
See AISC ASD or LRFD Specifications 
TABLE E3.3-2 
Nominal Bearing Strength for Bolted Connections 
Without Washers Under Both Bolt Head and Nut, 
or With Only One Washer 
FulFsy ratio of Q <I> Type of joint Connected Part ASD LRFD 
Inside sheet of double ~ 1.08 2.22 0.65 
shear connection 
Single shear and 
outside sheets ~ 1.08 2.22 0.70 
of double shear 
connection 
See AISC ASD or LRFD Specifications 
E3.4 Shear and Tension in Bolts 
The nominal bolt strength, Pn, resulting from shear, tension or a combination of shear 















= Ab F (Eq. E3.4-l) 
where 
Ab = Gross cross-sectional area of bolt 
When bolts are subject to shear or tension: 
F is given by Fnv or Fnt in Table E3.4-1 
n is given in Table E3.4-1 
<I> is given in Table E3.4-1 
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The pullover strength of the connected sheet at the bolt head, nut or washer shall be con-
sidered where bolt tension is involved, see Section E6.2. 
When bolts are subject to a combination of shear and tension: 
For ASD 
F is given by F' nt in Table E3.4-2 or E3.4--4 (metric) 
n is given in TableE 3.4-2 or E3.4--4 (metric) 
For LRFD 
F is given by F' nt in Table E3.4-3 or E3.4-5 (metric) 
<l> is given in Table E3.4-3 or E3.4-5 (metric) 
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TABLE E3.4-1 
Nominal Tensile and Shear Strength for Bolts 
Tensile Strength Shear Strength* 
Factor of 
Resistance 
Nominal Factor of 
Description of Bolts Safety Stress Safety Resistance 
n Factor <t> Fnh ksi n Factor <t> 
(ASD) (LRFD) (MPa) (ASD) (LRFD) 
A307 Bolts, Grade A 
1/4 in. (6.4mm) ~ d 2.25 0.75 40.5 2.4 0.65 
< 1/2 in. (12.7 mm) (279) 
A307 Bolts, Grade A 2.25 45.0 
d ~ Ih in. (310) 
A325 bolts, when threads 
are not excluded from 2.0 90.0 
shear planes (621) 
A325 bolts, when threads 90.0 
are excluded from 
shear planes (621) 
A354 Grade BD Bolts 
1/' < d 1/' 4 In. - < 2 In., 101.0 
when threads are not 
excluded from shear planes (696) 
A354 Grade BD Bolts 
1/4 in. ~ d < 1/2 in. 101.0 
when threads are excluded 
from shear planes (696) 
A449 Bolts 
1/' < d 1/' h 4 In. - < 2 In., w en 81.0 
threads are not excluded 
from shear planes (558) 
A449 Bolts 
1/4 in. ~ d < 1/2 in., when 81.0 
threads are excluded from (558) 
shear planes 
A490 Bolts, when threads 112.5 
are not excluded from 
shear planes (776) 
A490 Bolts, when threads 
are excluded from shear 112.5 
planes (776) 
• Applies to bolts in holes as limited by Table E3. Washers or back-up plates shall be installed over long-slotted 
holes and the capacity of connections using long-slotted holes shall be determined by load tests in accordance 
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TABLE E3.4-2 (ASD) 
Nominal Tension Stress, F' nt (ksi), for Bolts 
Subject to the Combination of Shear and Tension 
Description of Bolts Threads Not Excluded Threads Excluded from Shear Planes from Shear Planes 
A325 Bolts 110 - 3.6fv ~ 90 110- 2.8fv ~ 90 
A354 Grade BD Bolts 122 - 3.6fv ~ 101 122 - 2.8fv :5; 101 
A449 Bolts 100 - 3.6fv ~ 81 100 - 2.8fv ~ 81 
A490 Bolts 136 - 3.6fv ~ 112.5 136 - 2.8fv ~ 112.5 
A307 Bolts, Grade A 
When 1/4 in. ~ d < 1/2 in. 52 - 4fv ~ 40.5 
When d ~ lh in. 58.5 - 4fv ~ 45 
The shear stress, f v, shall also satisfy Table E3.4-1. 
TABLE E3.4-3 (LRFD) 
Nominal Tension Stress, F' nt (ksi) for Bolts 
Subject to the Combination of Shear' and Tension 
Description of Bolts Threads Not Excluded Threads Excluded from Shear Planes from Shear Planes 
A325 Bolts 113 - 2.4fv ~ 90 113 -1.9fv ~ 90 
A354 Grade BD Bolts 127 - 2.4fv ~ 101 127 - 1.9fv ~ 101 
A449 Bolts 101-2.4fv~81 101 - 1. 9f v ~ 81 
A490 Bolts 141 - 2.4fv ~ 112.5 141 - 1.9fv ~ 112.5 
A307 Bolts, Grade A 
When 1/4 in. ~ d < 1/2 in. 47 - 2.4fv ~ 40.5 
When d ~ 1/2 in. 52 - 2.4fv :5; 45 
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TABLE E3.4-4 (AS D) 
Nominal Tension Stress, F' nt (MPa), for Bolts 
Subject to the Combination of Shear and Tension 
Description of Bolts Threads Not Excluded Threads Excluded from Shear Planes from Shear Planes 
A325 Bolts 758 - 25 f y ~ 607 758 - 19fy ~ 607 
A354 Grade BD Bolts 841 - 25fy ~ 676 841 - 19fv ~ 676 
A449 Bolts 690 - 25fv ~ 552 690 - 19fv ~ 552 
A490 Bolts 938 - 25fv ~ 745 938 - 19fv ~ 745 
A307 Bolts. Grade A 
When 6.4 mm ~ d < 12.7 mm 359 - 28fy ~ 276 
When d ~ 12.7 mm 403 - 28fy ~ 310 
TABLE E3.4-5 (LRFD) 
Nominal Tension Stress, F' nt (MPa), for Bolts 
Subject to the Combination of Shear and Tension 
Threads Not Excluded Threads Excluded Description of Bolts from Shear Planes from Shear Planes 
A325 Bolts 779 - 17fy ~ 621 779 - 13fy ~ 621 
A354 Grade BD Bolts 876 - 17fy ~ 696 876 - 13fy ~ 696 
A449 Bolts 696 - 17fy ~ 558 696 - 13fy ~ 558 
A490 Bolts 972 - 17fv ~ 776 972 - 13fy ~ 776 
A307 Bolts, Grade A 
When 6.4 mm ~ d < 12.7 mm 324 - 25fy ~ 279 
When d ~ 12.7 mm 
E4 Screw Connections 
The following notation applies to this section: 
d = Nominal screw diameter 
n = 3.0 (ASD) 
<l> = 0.5 (LRFD) 
Pns = Nominal shear strength per screw 
Pnt = Nominal tension strength per screw 
P not = Nominal pull-out strength per screw 
P nov = Nominal pull-over strength per screw 
359 - 25fy ~ 310 
t 1 = Thickness of member in contact with the screw head 
t2 = Thickness of member not in contact with the screw head 
Fu I = Tensile strength of member in contact with the screw head 
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All E4 requirements shall apply to self-tapping screws with 0.08 in. (2.03 mm) ~d ~0.25 
in. (6.35 mm). The screws shall be thread-forming or thread--cutting, with or without a self-
drilling point. Alternatively, design values for a particular application shall be permitted to 
be based on tests according to Section F. Por diaphragm applications, Section D5 shall be 
used. 
Screws shall be installed and tightened in accordance with the manufacturer's recom-
mendations. 
The nominal tension strength on the net section of each member joined by a screw con-
nection shall not exceed the member nominal tensile strength from Section C2 or the connec-
tion nominal tensile strength from Section E3.2. 
E4.1 Minimum Spacing 
The distance between the centers of fasteners shall not be less than 3d. 
E4.2 Minimum Edge and End Distance 
The distance from the center of a fastener to the edge of any part shall not be less 
than 3d. If the connection is subjected to shear force in one direction only, the minimum 
edge distance shall be 1.5d in the direction perpendicular to the force. 
E4.3 Shear 
E4.3.1 Connection Shear 
The nominal shear strength per screw, Pns, shall be determined as follows: 
For t2/tl S; 1.0, Pns shall be taken as the smallest of 
Pns = 4.2 (t23d) 1I2Pu2 
Pns = 2.7 tl d Pul 
Pns = 2.7 t2 d Fu2 
For t2/tl ~ 2.5, Pns shall be taken as the smaller of 
Pns = 2.7 tl d Ful 
Pns = 2.7 t2 d Fu2 
For 1.0 < t2/t l < 2.5, Pns shall be determined by linear interpolation between the 
above two cases. 
E4.3.2 Shear in Screws 
The nominal shear strength of the screw shall be determined by test according 
to Section Fl(a). The nominal shear strength of the screw shall not be less than 
1.25Pns· The factor of safety, n for ASD design and the resistance factor, <\>, for 
LRFD design shall be determined according to Section Fl(a). 
E4.4 Tension 
For screws which carry tension, the head of the screw or washer, if a washer is pro-
vided, shall have a diameter dw not less than 5/16 in. (7.94 mm). Washers shall be at least 
0.050 in. (1.27 mm) thick. 
n and 4> shall be determined according to Section Fl. 
E4.4.1 Pull-Out 
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Pnot =0.85 tc d Fu2 (Eq. E4.4.1.1) 
where tc is the lesser of the depth of the penetration and the thickness, t2. 
E4.4.2 Pull-Over 
The nominal pull-over strength, Pnov, shall be calculated as follows: 
Pnov = 1.5 tl dw Ful (Eq. E4.4.2. I) 
where dw is the larger of the screw head diameter or the washer diameter, and 
shall be taken not larger than 112 in (12.7 mm). 
E4.4.3. Tension in Screws 
The nominal tension strength, Pnt, per screw shall be determined by test according 
to Section FI (a). The nominal tension strength of the screw shall not be less than 
1.25 times the lesser of P not and P nov· 
o and <P shall be determined according to Section Fl. 
E5 Shear Rupture 
At beam--end connections, where one or more flanges are coped and failure might occur 
along a plane through the fasteners, the nominal shear strength, V n shall be calculated as 
follows: 
V n = 0.6 FuAwn 
n = 2.0 (AS D) 
<P = 0.75 (LRFD) 
where 
Awn= (dwc - ndh)t 
dwc = Coped web depth 
n = Number of holes in the critical plane 
dh = Hole diameter 
Fu = Tensile strength as specified in Section A3.1 or A3.2 
t = Thickness of coped web 
E6 Connections to Other Materials 
E6.1- Bearing 
Proper provisions shall be made to transfer bearing forces resulting from axial 
loads and moments from steel components covered by the Specification to adjacent struc-
tural components made of other materials. In the absence of code regulations, the nominal 
bearing strength in the contact area shall be determined as follows: 
(Eq. E5-1) 
(Eq. E5-2) 
On the full area of a concrete support: 
Pp=0.85f'c Al (Eq. E6.1-l) 
On less than the full area of a concrete support: 
Pp=0.85f I cAl j A21 Ai (Eq. E6.1-2) 
where 
Oc =2.50 (ASD) 
<Pc =0.60 (LRFD) 
f' c = Specified compression strength of concrete 
Al =Bearing area 
V-96 
A2 = Full cross-sectional area of concrete support 
The value of j A21 A 1 shall not exceed 2. 
E6.2 Tension 
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The pull-over shear/tension forces in the steel sheet around the head of the fastener 
shall be considered as well as the pull-out force resulting from axial loads and bending 
moments transmitted onto the fastener from various adjacent structural components in 
the assembly. 
The nominal tensile strength of the fastener and the nominal imbedment strength 
of the adjacent structural component shall be determined by applicable product code ap-
provals, or product specifications and/or product literature. 
E6.3 Shear 
Proper provisions shall be made to transfer shearing forces from steel components 
covered by this Specification to adjacent structural components made of other materials. 
The required shear and/or bearing strength on the steel components shall not exceed that 
allowed by this Specification. The design shear strength on the fasteners and othermateri-
al shall not be exceeded. Embedment requirements are to be met. Proper provision shall 
also be made for shearing forces in combination with other forces. 
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F. TESTS FOR SPECIAL CASES 
(a) Tests shall be made by an independent testing laboratory or by a testing laboratory of a 
manufacturer. 
(b) The provisions of Chapter F do not apply to cold-formed steel diaphragms. Refer to Sec-
tion D5. 
F1 Tests for Determining Structural Performance 
F1.1 Load and Resistance Factor Design 
Where the composition or configuration of elements, assemblies, connections, or details 
of cold-formed steel structural members are such that calculation of their strength cannot be 
made in accordance with the provisions of this Specification, their structural performance 
shall be established from tests and evaluated in accordance with the following procedure. 
(a) Evaluation of the test results shall be made on the basis of the average value of test data 
resulting from tests of not fewer than three identical specimens, provided the deviation 
of any individual test result from the average value obtained from all tests does not ex-
ceed ±15 percent. If such deviation from the average value exceeds 15 percent, more 
tests of the same kind shall be made until the deviation of any individual test result from 
the average value obtained from all tests does not exceed ± 15 percent, or until at least 
three additional tests have been made. No test result shall be eliminated unless a ratio-
nale for its exclusion can be given. The average value of all tests made shall then be re-
garded as the nominal strength, Rn, for the series of the tests. Rn and the coefficient of 
variation V p of the test results shall be determined by statistical analysis. 
(b) The strength of the tested elements, assemblies, connections, or members shall satisfy 
Eq. Fl.l-1. 
LYiQi ~ <pRn 
where 
LYiQi = Required strength based on the most critical load combination determined in 
Rn = 
<p = 
accordance with Section A6.1.2. Yi and Qi are load factors and load effects, re-
spectively. 





1.5(MmFmPm)e~ojv~+v~+cpv~+v~ * (Eq. F1.1-2) 
Mm = Mean value of the material factor, M, listed in Table Fl for the type of compo-
nent involved 
Fm = Mean value of the fabrication factor, F, listed in Table Fl for the type of compo-
nent involved 
Pm = Mean value of the professional factor, P, for the tested component 
= 1.0 
~o = Target reliability index 
= 2.5 for structural members and 3.5 for connections 
VM = Coefficient of variation of the material factor listed in Table FI for the type of 
component involved 
Coefficient of variation of the fabrication factor listed in Table Fl for the type of VF = 
component involved 
Cp = Correction factor 
= O+lIn)m/(m-2) for n ~ 4, and 5.7 for n = 3 (Eq. Fl.l-3) 
* For beams having tension flange through-fastened to deck or sheathing and with compression flange laterally unbraced, , 
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Coefficient of variation of the test results, but not less than 6.5% 
Degrees of freedom 
n-l 
Number of tests 
Coefficient of variation of the load effect 
0.21 
Natural logarithmic base 
2.718 ... 
The listing in Table F1 does not exclude the use of other documented statistical data if 
they are established from sufficient results on material properties and fabrication. 
For steels not listed in Section A3.1, the values ofMm and VM shall be determined by 
the statistical analysis for the materials used. 
When distortions interfere with the proper functioning of the specimen in actual use, 
the load effects based on the critical load combination at the occurrence of the acceptable 
distortion shall also satisfy Eq. Fl.l-l, except that the resistance factor<t> is taken as unity 
and that the load factor for dead load is taken as 1.0. 
(c) If the yield point of the steel from which the tested sections are formed is larger than the 
specified value, the test results shall be adjusted down to the specified minimum yield 
point of the steel which the manufacturer intends to use. The test results shall not be ad-
justed upward if the yield point of the test specimen is less than the minimum specified 
yield point. Similar adjustments shall be made on the basis of tensile strength instead of 
yield point where tensile strength is the critical factor. 
Consideration must also be given to any variation or differences which may exist be-
tween the design thickness and the thickness of the specimens used in the tests. 
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TABLE F1 
Statistical Data for the Determination of Resistance Factor 
Type of Component Mm VM Fm VF 
Transverse Stiffeners 1.10 0.10 1.00 0.05 
Shear Stiffeners 1.00 0.06 1.00 0.05 
Tension Members 1.10 0.10 1.00 0.05 
Flexural Members 
Bending Strength 1.10 0.10 1.00 0.05 
Lateral Buckling Strength 1.00 0.06 1.00 0.05 
One Flange Through-Fastened to Deck or Sheathing 1.10 0.10 1.00 0.05 
Shear Strength 1.10 0.10 1.00 0.05 
Combined Bending and Shear 1.10 0.10 1.00 0.05 
Web Crippling Strength 1.10 0.10 1.00 0.05 
Combined Bending and Web Crippling 1.10 0.10 1.00 0.05 
Concentrically Loaded Compression Members 1.10 0.10 1.00 0.05 
Combined Axial Load and Bending 1.05 0.10 1.00 0.05 
Cy lindrical Tubular Members 
Bending Strength 1.10 0.10 1.00 0.05 
Axial Compression 1.10 0.10 1.00 0.05 
Wall Studs and Wall Stud Assemblies 
Wall Studs in Compression 1.10 0.10 1.00 0.05 
Wall Studs in Bending 1.10 0.10 1.00 0.05 
Wall Studs with Combined Axial Load and Bending 1.05 0.10 1.00 0.05 
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TABLE F1 (Continued) 
Statistical Data for the Determi nation of Resistance Factor 
'TYpe of Component Mm VM Fm VF 
Welded Connections 
Arc Spot Welds 
Shear Strength of Welds 1.10 0.10 1.00 0.10 
Plate Failure 1.10 0.08 1.00 0.15 
Arc Seam Welds 
Shear Strength of Welds 1.10 0.10 1.00 0.10 
Plate Tearing 1.10 0.10 1.00 0.10 
Fillet Welds 
Shear Strength of Welds 1.10 0.10 1.00 0.10 
Plate Failure 1.10 0.08 1.00 0.15 
Flare Groove Welds 
Shear Strength of Welds 1.10 0.10 1.00 0.10 
Plate Failure 1.10 0.10 1.00 0.10 
Resistance Welds 1.10 0.10 1.00 0.10 
Bolted Connections 
Minimum Spacing and Edge Distance 1.10 0.08 1.00 0.05 
Tension Strength on Net Section 1.10 0.08 1.00 0.05 
Bearing Strength 1.10 0.08 1.00 0.05 
Screw Connections 
Minimum Spacing and Edge Distance 1.10 0.10 1.00 0.10 
Tension Strength on Net Section 1.10 0.10 1.00 0.10 
Bearing Strength 1.10 0.10 1.00 0.10 
1996 AISI Cold-Formed Specification 
F1.2 Allowable Stress Design 
Where the composition or configuration of elements, assemblies, connections or 
details of cold-formed steel structural members are such that calculation of their strength 
cannot be made in accordance with the provisions of this Specification, their structural 
performance shall be established from tests and evaluated in accordance with Section 
FI.1, except as modified in this section for allowable stress design. 
The allowable design strength shall be calculated as: 
VIOl 
Ra = Rn/Q (Eq. FI.2-1) 
where 
Rn = Average value of all test results 
Q = Factor of safety to be computed as follows: 
Q = ti 
<t> 
in which <t> is evaluated in accordance with Section FI.I. 
The required strength shall be determined from nominal loads and load combina-
tions as described in A5. 
F2 Tests for Confirming Structural Performance 
For structural members, connections, and assemblies for which the nominal strength can 
be computed according to this Specification or its specific references, confirmatory tests may 
be made to demonstrate the strength is not less than the nominal resistance, Rn, specified in 
this Specification or its specific references for the type of behavior involved. 
F3 Tests for Determining Mechanical Properties 
F3.1 Full Section 
Tests for determination of mechanical properties of full sections to be used in Section 
A 7.2 shall be made as specified below: 
(a) Tensile testing procedures shall agree with Standard Methods and Definitions for Me-
chanical Testing of Steel Products, ASTM A370. Compressive yield point determina-
tions shall be made by means of compression tests of short specimens of the section. 
(b) The compressive yield stress shall be taken as the smaller value of either the maximum 
compressive strength of the sections divided by the cross section area or the stress de-
fined by one of the following methods: 
(I) For sharp yielding steel, the yield point shall be determined by the autographic dia-
gram method or by the total strain under load method. 
(2) For gradual yielding steel, the yield point shall be determined by the strain under 
load method or by the 0.2 percent offset method. 
When the total strain under load method is used, there shall be evidence that the 
yield point so determined agrees within 5 percent with the yield point which would 
be determined by the 0.2 percent offset method 
(c) Where the principal effect of the loading to which the member will be subjected in ser-
vice will be to produce bending stresses, the yield point shall be determined for the 
flanges only. In determining such yield points, each specimen shall consist of one com-
plete flange plus a portion of the web of such flat width ratio that the value of p for the 
specimen is unity. 
(Eq. FI.2-2) 
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(d) For acceptance and control purposes, two full section tests shall be made from each lot of 
not more than 50 tons (45 000 kg) nor less than 30 tons (27 000 kg) of each section, or one 
test from each lot of less than 30 tons (27 000 kg) of each section. For this purpose a lot 
may be defined as that tonnage of one section that is formed in a single production run of 
material from one heat. 
(e) At the option of the manufacturer, either tension or compression tests may be used for 
routine acceptance and control purposes, provided the manufacturer demonstrates that 
such tests reliably indicate the yield point of the section when subjected to the kind of 
stress under which the member is to be used. 
F3.2 Flat Elements of Formed Sections 
Tests for determining mechanical properties of flat elements of formed sections 
and representative mechanical properties of virgin steel to be used in Section A 7.2 shall 
be made in accordance with the following provisions: 
The yield point of flats, Fyf, shall be established by means of a weighted average of 
the yield points of standard tensile coupons taken longitudinally from the flat portions of a 
representative cold-formed member. The weighted average shall be the sum of the prod-
ucts of the average yield point for each flat portion times its cross sectional area, divided 
by the total area of flats in the cross section. The exact number of such coupons will de-
pend on the shape of the member, i.e., on the number of flats in the cross section. At least 
one tensile coupon shall be taken from the middle of each flat. If the actual virgin yield 
point exceeds the specified minimum yield point, the yield point of the flats, Fyf, shall be 
adjusted by multiplying the test values by the ratio of the specified minimum yield point 
to the actual virgin yield point. 
F3.3 Virgin Steel 
The following provisions apply to steel produced to other than the ASTM Specifi-
cations listed in Section A3.1 when used in sections for which the increased yield point of 
the steel after cold forming shall be computed from the virgin steel properties according to 
Section A 7.2. For acceptance and control purposes, at least four tensile specimens shall 
be taken from each lot as defined in Section F3 .1 (d) for the establishment of the represen-
tative values of the virgin tensile yield point and ultimate strength. Specimens shall be 
taken longitudinally from the quarter points of the width near the outer end of the coil. 
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PREFACE 
This document provides a commentary on the 1996 edition of the AISI Specification for the Design of 
Cold-Formed Steel Structural Members. It should be used in conjunction with other parts of the Design 
Manual. 
The purpose of the Commentary includes: (a) to provide a record of the reasoning behind, and justification 
for the various provisions of the Specification by cross-referencing the published supporting research data 
and to discuss the changes made in the 1996 edition of the Specification; (b) to offer a brief but coherent 
presentation of the characteristics and performance of cold-formed steel structures to structural engineers and 
other interested individuals; (c) to furnish the background material for a study of cold-formed steel design 
methods to educators and students; and (d) to provide the needed information to those who will be responsible 
for future revisions of the Specification. The reader who wishes to have more complete information, or who 
may have questions which are not answered by the abbreviated presentation of the Commentary, should refer 
to the original research publications. 
The assistance and close cooperation of the Committee on Specifications under the Chairmanship of Mr. 
Roger L. Brockenbrough and the Vice Chairmanship of Mr. Jay W. Larson are gratefully acknowledged. 
Special thanks are extended to Professor Wei-Wen Yu of the University of Missouri-Rolla for preparing the 
draft of this Commentary and to members of the Committee on Specifications for their careful review of the 
document and their valuable comments and suggestions. The background materials provided by various 
subcommittees are appreciated. 
The effort of the staff of Computerized Structural Design, S.C., Milwaukee, Wisconsin, who coordinated 
and processed the publication of this Commentary, is also appreciated. 
American Iron and Steel Institute 
June 1997 
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INTRODUCTION 
Cold-fonned steel members have been used economically for building construction 
and other applications (Winter, 1959a, 1959b; Yu, 1991). These types of sections are cold-
fonned from steel sheet, strip, p]ate or flat bar in roll-forming machines or by press brake or 
bending operations. The thicknesses of steel sheets or strip generally used for cold-formed 
steel structural members range from 0.0147 in. (0.373 nun) to about 114 in. (6.35 mm). Steel 
plates and bars as thick as 1 in. (25.4 mm) can be cold-formed successfully into structural 
shapes. 
In general, cold-fonned steel structural members can offer several advantages for 
building construction (Winter, 1970; Yu, 1991): (1) light members can be manufactured for 
relatively light loads and/or short spans, (2) unusual sectional configurations can be pro-
duced economically by cold-forming operations and consequently favorable strength-to-
weight ratios can be obtained, (3) load-carrying panels and decks can provide useful surfaces 
for floor, roof and wall construction, and in some cases they can also provide enclosed cells 
for electrical and other conduits, and (4) panels and decks not only withstand loads normal to 
their surfaces, but they can also act as shear diaphragms to resist forces in their own planes if 
they are adequately interconnected to each other and to supporting members. 
The use of cold-fonned steel members in building construction began in about the 
1850s. However, in the United States such steel members were not widely used in buildings 
until the publication of the first edition of the American Iron and Steel Institute Specification 
in 1946 (AISI, 1946). This first design standard was primarily based on the research work 
sponsored by AISI at Cornell University since 1939. It was revised subsequently by the AISI 
Committee in 1956, 1960, 1962, 1968, 1980, and 1986 to reflect the technical developments 
and the results of continuing research. In 1991, AISI published the first edition of the Load 
and Resistance Factor Design Specification for Cold-Formed Steel Structural Members 
(AISI, 1991). Both allowable stress design (ASD) and load and resistance factor design 
(LRFD) specifications were combined into a single document in 1996. 
In addition to the issuance of the design specification, AISI also published the first edi-
tion of the Design Manual in 1949 (AISI, 1949). This allowable stress design manual was 
revised later in 1956, 1961, 1962, 1968, 1977, 1983, and 1986. In 1991, the LRFD Design 
Manual was published for using the load and resistance factor design criteria. The present 
Design Manual was prepared and published by AISI in 1996 for the combined AISI ASD and 
LRFD Specifications. 
During the period from 1958 through 1983, AISI published Commentaries on several 
editions of the AISI design specification, which were prepared by Professor George Winter 
of Cornell University in 1958, 1961, 1962, and 1970. In the 1983, 1986, and the present 
(1996) editions of the Design Manual, the format used for the Commentary has been changed 
in that the same section numbers are used in the Commentary as in the Specification. Same as 
previous editions of the Commentary, this document contains a brief presentation of the char-
acteristics and the performance of cold-formed steel members. In addition, it provides a re-
cord of the reasoning behind, and the justification for, various provisions of the specification. 
A cross-reference was provided between various design provisions and the published re-
search data. 
In this Commentary, the individual sections, equations, figures, and tables are identified 
by the same notation as in the Specification and the material is presented in the same se-
quence. 
The Specification and Commentary are intended for use by design professionals with 
demonstrated engineering competence in their fields. 
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A. GENERAL PROVISIONS 
A 1 Limits of Applicability and Terms 
A 1.1 Scope and Limits of Applicability 
The cross-sectional configurations, manufacturing processes and fabrication 
practices of cold-formed steel structural members differ in several respects from that of 
hot-rolled steel shapes. For cold-formed steel sections, the forming process is performed 
at, or near, room temperature by the use of bending brakes, press brakes, or roll-forming 
machines. Some of the significant differences between cold-fonned sections and hot-
rolled shapes are (1) absence of the residual stresses caused by uneven cooling due to hot-
rolling, (2) lack of comer fillets, (3) presence of increased yield strength with decreased 
proportional limit and ductility resulting from cold-fanning, (4) presence of cold-reduc-
ing stresses when cold-rolled steel stock has not been finally annealed, (5) prevalence of 
elements having large width-to-thickness ratios, (6) rounded comers, and (7) stress-
strain curves can be either sharp-yielding type or gradual-yielding type. 
The combined ASDILRFD Specification (AISI, 1996) is limited to the design of 
steel structural members cold-formed from carbon or low-alloy sheet, strip, plate or bar. 
The design can be made by using either the Allowable Stress Design method or the Load 
and Resistance Factor Design method. Even though both methods are equally accept-
able, these two methods must not be mixed in designing various components of struc-
tures. 
The Specification is applicable only to cold-fonned sections not more than one 
inch (25.4 mm) in thickness. Research conducted at the University of Missouri-Rolla 
(Yu, Liu, and McKinney, 1973b and 1974) has verified the applicability of the specifica-
tion's provisions for such cases. 
In view of the fact that most of the design provisions have been developed on the 
basis of the experimental work subject to static loading, the Specification is intended for 
the design of cold-formed steel structural members to be used for load-carrying purposes 
in buildings. For structures other than buildings, appropriate allowances should be made 
for dynamic effects. 
A1.2 Terms 
Many of the definitions in Specification Section A1.2 are self-explanatory. Only 
those which are not self-explanatory, or not listed, are briefly discussed below. 
(a) ASD (Allowable Stress Design) 
Allowable stress design (ASD) is a method of designing structural components such 
that the allowable design value (stress, force, or moment) pennitted by various sec-
tions of the Specification is not exceeded when the structure is subjected to all ap-
propriate combinations of nominal loads as given in Specification Section AS.l.2. 
(b) Effective Design Width 
The effective design width is a concept which facilitates taking account of local 
buckling and postbuckling strength for compression elements. The effect of shear 
lag on short, wide flanges is also handled by using an effective design width. These 
matters are treated in Specification Chapter B, and the corresponding effective 
widths are discussed in the Commentary on that chapter. 
(c) LRFD (Load and Resistance Factor Design) 
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Load and Resistance Factor Design (LRFD) is a method of designing structural 
components such that the applicable limit state is not exceeded when the structure is 
subjected to all appropriate load combinations as given in Specification Section 
A6.1.2. See also Specification Section A6.1.1 for LRFD strength requirements. 
(d) Multiple-Stiffened Elements 
Multiple-stiffened elements of two sections are shown in Figure C-A 1.2-1. Each of 
the two outer sub~lements of section (1) are stiffened by a web and an intennediate 
stiffener while the middle su~lement is stiffened by two intennediate stiffeners. 
The two sub~lements of section (2) are stiffened by a web and the attached inter-
mediate middle stiffener. 
(e) Stiffened or Partially Stiffened Compression Elements 
Stiffened compression elements of various sections are shown in Figure C-A 1.2-2, 
in which sections (1) through (5) are for flexural members, and sections (6) through 
(9) are for compression members. Sections (1) and (2) each have a web and a lip to 
stiffen the compression element (i.e., the compression flange), the ineffective por-
tion of which is shown shaded. For the explanation of these ineffective portions, see 
item (b) Effective Design Width and Chapter B. Sections (3), (4), and (5) show com-
pression elements stiffened by two webs. Sections (6) and (8) show edge stiffened 
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Figure C-A 1.2-2 Stiffened Compression Elements 
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flange elements that have a vertical element (web) and an edge stiffener (lip) to stiff-
en the elements while the web itself is stiffened by the flanges. Section (7) has four 
compression elements stiffening each other, and section (9) has each stiffened ele-
ment stiffened by a lip and the other stiffened element. 
(f) Thickness 
In calculating section properties, the reduction in thickness that occurs at comer 
bends is ignored, and the base metal thickness of the flat steel stock, exclusive of 
coatings, is used in all calculations for load-carrying purposes. 
(g) Torsional-Flexural Buckling 
The 1968 edition of the Specification pioneered methods for computing column 
loads of cold-formed steel sections prone to buckle by simultaneous twisting and 
bending. This complex behavior may result in lower column loads than would result 
from primary buckling by flexure alone. 
(h) Unstiffened Compression Elements 
Un stiffened elements of various sections are shown in Figure C-A1.2-3, in which 
sections (I) through (4) are for flexural members and sections (5) through (8) are for 
compression members. Sections (1), (2), and (3) have only a web to stiffen the com-
pression flange element. The legs of section (4) provide mutual stiffening action to 
each other along their common edges. Sections (5), (6), and (7), acting as columns 
have vertical stiffened elements (webs) which provide support for one edge of the 
unstiffened flange elements. The legs of section (8) provide mutual stiffening action 
to each other. 
A1.3 Units of Symbols and Terms 
The non~imensional character of the majority of the Specification provisions is 
intended to facilitate design in any compatible systems of units (U.S. customary, SI, or 
metric). The same nominal strength equations are used for both ASD and LRFD design 
approaches. 
A2 Non-Conforming Shapes and Construction 
The official having jurisdiction (authority) may approve any alternate shape of 
construction provided the proposed alternate is satisfactory and complies with the provisions 
of Chapter F of the Specification and the particular building code. 
If there is insufficient evidence of compliance with the requirements of the particular 
building code, the authority administering the code may require tests, at the applicant's ex-
pense, as proof of compliance. Test procedures shall be as stipulated by Chapter F of the 
Specification. If there is no recognized or accepted test method, the authority may prescribe 
appropriate test procedures. 
A3 Material 
A3.1 Applicable Steels 
The American Society for Testing and Materials (ASTM) is the basic source of 
steel designations for use with the Specification. Section A3.1 contains the complete list 
of ASTM Standards for steels that are accepted by the Specification. Dates of issue are 
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In 1996, the ASTM A446 Standard was replaced by the ASTM A653 Standard. At 
the same time, the ASTM A283 Standard was added to the list of Specification Section 
A3.1. In addition, High-Strength, Low-Alloy (HSLA) steel Grades 70 and 80 of ASTM 
A653 and ASTM A 715 were also added to the 1996 Specification. 
The important material properties for the design of cold-fonned steel members 
are: yield point, tensile strength, and ductility. Ductility is the ability of a steel to undergo 
sizable plastic or permanent strains before fracturing and is important both for structural 
safety and for cold forming. It is usually measured by the elongation in a 2-inch (51 mm) 
gage length. The ratio of the tensile strength to the yield point is also an important materi-
al property; this is an indication of strain hardening and the ability of the material to redis-
tribute stress. 
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For the listed ASTM Standards, the yield points of steels range from 25 to 80 ksi 
(172 to 552 MPa) and the tensile strengths vary from 42 to 100 ksi (290 to 690 MPa). The 
tensile-to-yield ratios are no less than 1.13, and the elongations are no less than 10 per-
cent. Exceptions are ASTM A653 structural quality (SQ) Grade 80, ASTM A611 Grade 
E, and ASTM A 792 structural quality Grade 80 steels with a specified minimum yield 
point of 80 ksi (552 MPa), a specified minimum tensile strength of 82 ksi (565 MPa), and 
with no stipulated minimum elongation in 2 inches (51 mm). These low ductility steels 
permit only limited amounts of cold forming, require fairly large comer radii, and have 
other limits on their applicability for structural framing members. Nevertheless, they 
have been used successfully for specific applications, such as decks and panels with large 
comer radii and little, if any, stress concentrations. The conditions for use of these struc-
tural quality Grade 80 and Grade E steels are outlined in Specification Section A3.3.2. 
A3.2 Other Steels 
Although the use of ASTM-designated steels listed in Specification Section A3.1 
is encouraged, other steels may also be used in cold-formed steel structures, provided 
they satisfy the requirements stipulated in this provision. 
A3.3 Ductility 
The nature and importance of ductility and the ways in which this property is mea-
sured were briefly discussed in Commentary Section A3.1. 
Low-carbon sheet and strip steels with specified minimum yield points from 25 to 
50 ksi (172 to 345 MPa) need to meet ASTM specified minimum elongations in a 2-inch 
(51 mm) gage length of 11 to 26 percent. In order to meet the ductility requirements, steels 
with yield points higher than 50 ksi (345 MPa) are often low-alloy steels. However, struc-
tural quality Grade 80 of ASTM A653, Grade E of A611, and structural quality Grade 80 
of A 792 steels are carbon steels, for which specified minimum yield strength is 80 ksi 
(552 MPa) and no elongation requirement is specified. These differ from the array of 
steels listed under Specification Section A3.1. 
In 1968, because new steels of higher strengths were being developed, sometimes 
with lower elongations, the question of how much elongation is really needed in a struc-
ture was the focus of a study initiated at Cornell University. Steels were studied that had 
yield strengths ranging from 45 to 100 ksi (310 to 690 MPa), elongations in 2 inches (51 
mm) ranging from 50 to 1.3 percent, and tensile-to-yield strength ratios ranging from 
1.51 to 1.00 (Dhalla, Errera and Winter, 1971; Dhalla and Winter, 1974a; Dhalla and Win-
ter, 1974b). The investigators developed elongation requirements for ductile steels. 
These measurements are more accurate but cumbersome to make; therefore, the investi-
gators recommended the following determination for adequately ductile steels: (1) The 
tensile-to-yield strength ratio shall not be less than 1.08 and (2) the total elongation in a 
2-inch (51-mm) gage length shall not be less than 10 percent, or not less than 7 percent in 
an 8-inch (203-mm) gage length. Also, the Specification limits the use of Chapters B 
through E to adequately ductile steels. In lieu of the tensile-to-yield strength limit of 
1.08, the Specification permits the use of elongation requirements using the measurement 
technique as given by Dhalla and Winter (1974a) (Yu, 1991). Because of limited exper-
imental verification of the structural performance of members using materials having a 
tensile-to-yield strength ratio less than 1.08 (Macadam et aI., 1988), the Specification 
limits the use of this material to purlins and girts meeting the elastic design requirements 
of Sections C3.t.t (a), C3.t.2, and C3.t.3. Thus, the use of such steels in other applica-
tions (compression members, tension members, other flexural members including those 
whose strength is based on inelastic reserve capacity, etc.) is prohibited. However, in pur-
lins and girts, concurrent axial loads of relatively small magnitude are acceptable provid-
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ing the requirements of Specification Section C5.2 are met and QcPIPn does not exceed 
0.15 for allowable stress design and Pul<PcPn does not exceed 0.15 for load and resistance 
factor design. 
Structural quality Grade 80 of ASTM A653, Grade E of A611, and structural quali-
ty Grade 80 of A 792 steels do not have adequate ductility as defined by Specification Sec-
tion A3.3.1. Their use has been limited in Specification Section A3.3.2 to particular mul-
tiple-web configurations such as roofing, siding, and floor decking. 
The limit of the design yield strength to 75 percent of the specified minimum yield 
point, or 60 ksi (414 MPa), and the design tensile strength to 75 percent of the specified 
minimum tensile strength, or 62 ksi (428 MPa), whichever is lower, introduces a higher 
safety factor, but still makes low ductility steels, such as structural quality Grade 80 and 
Grade E, useful for the named applications. Load tests are permitted, but not for the pur-
pose of using higher loads than can be calculated under Specification Chapters B through 
E. 
A3.4 Delivered Minimum Thickness 
Sheet and strip steels, both coated and uncoated, may be ordered to nominal or 
minimum thickness. If the steel is ordered to minimum thickness, all thickness tolerances 
are over (+) and nothing under (-). If the steel is ordered to nominal thickness, the thick-
ness tolerances are divided equally between over and under. Therefore, in order to pro-
vide the similar material thickness between the two methods of ordering sheet and strip 
steel, it was decided to require that the delivered thickness of a cold-formed product be at 
least 95 percent of the design thickness. Thus, it is apparent that a portion of the factor of 
safety may be considered to cover minor negative thickness tolerances. 
Generally, thickness measurements should be made in the center of flanges. For 
decking and siding, measurements should be made as close as practical to the center of the 
first full flat of the section. Thickness measurements should not be made closer to edges 
than the minimum distances specified in ASTM A568 Standard. 
The responsibility of meeting this requirement for a cold-formed product is clearly 
that of the manufacturer of the product, not the steel producer. 
A4 Loads 
A4.1 Nominal Loads 
The Specification does not establish the dead, live, snow, earthquake or other load-
ing requirements for which a structure should be designed. In most cases, these loads are 
adequately covered by the applicable building code or design standard. Otherwise, the 
American Society of Civil Engineers Standard (ASCE, 1995) is recommended as the ba-
sis for design. 
Recognized engineering procedures should be employed to reflect the effect of im-
pact loads on a structure. For building design, reference may be made to AISC publica-
tions (AISC, 1989; AISC 1993). 
When gravity and lateral loads produce forces of opposite sign in members, con-
sideration should be given to the minimum gravity loads acting in combination with wind 
or earthquake loads. 
A4.2 Ponding 
The final deflected shape of the member should be considered when calculating 
the load on a relatively flat roof resulting from p~nding of rainwater or snowmelt. Guid-
ance can be obtained from Section K2 of the AISC Specifications (AISC, 1989; AISC, 
1993). 
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AS Allowable Stress Design 
AS.1 Design Basis 
Since 1946, the method of designing cold-formed steel structural members and 
connections, as prescribed in previous editions of the AISI Specification, has been based 
on the Allowable Stress Design method. The ASD method is included in the current com-
bined Specification along with the LRFD method. 
AS.1.1 ASD Strength Requirements 
In the allowable stress design approach, the required strengths (bending moments, 
axial forces, and shear forces) in structural members are computed by accepted meth-
ods of structural analysis for the specified nominal or working loads for all applicable 
load combinations listed in Specification Section A5.1.2. These required strengths are 
not to exceed the allowable design strengths permitted by the Specification. Accord-
ing to Specification Section A5 .1.1, the allowable design strength is determined by 
dividing the nominal strength by a safety factor as follows: 
Ra = Rn/Q 
where 
Ra = allowable design strength 
Rn = nominal strength 
Q = safety factor 
The fundamental nature of the safety factor is to compensate for uncertainties in-
herent in the design, fabrication, or erection of building components, as well as uncer-
tainties in the estimation of applied loads. Appropriate safety factors are explicitly 
specified in various sections of the Specification. Through experience it has been es-
tablished that the present safety factors provide satisfactory design. It should be noted 
that the ASD method employs only one safety factor for a given condition regardless 
of the type of load. 
AS.1.2 Load Combinations 
For the Allowable Stress Design approach, four types of load combinations are 
listed in Section A5.1.2 of the Specification. These load combinations are adopted 
from the ASCE Standard, "Minimum Design Loads for Buildings and Other Struc-
tures" (ASCE 7-95). Design should be based on the load combination for the most 
unfavorable effect. Wind and earthquake loads need not be assumed to act simulta-
neously. 
When steel decks are used for roof and floor composite construction, steel decks 
should be designed to carry the concrete dead load, the steel dead load, and the 
construction live load. The construction load is based on the sequential loading of 
concrete as specified in the ANSI! ASCE Standard 3-91 (ASCE, 1991) and in the De-
sign Manual of Steel Deck Institute (SDI, 1995). 
AS.1.3 Wind or Earthquake Loads 
When wind or earthquake load acts in combination with dead, live, roof live, snow, 
or rain loads, it is unlikely that they will all attain their maximum value at the same 
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time. Accordingly, the combined load effects can be reduced by multiplying by a load 
combination factor of 0.75 (ASCE 7-95). 
Historically, the Allowable Stress Design method permitted the allowable stress to 
be increased by a factor of one-third when wind or earthquake effect is considered. 
Ellifritt investigated the basis of the one-third stress increase in wind and earthquake 
stresses (Ellifritt, 1977) and concluded that the historical justification for the increase 
in wind stresses was as follows: "The action of wind on a structure is highly localized 
and of very short duration. Therefore it is not necessary to have as high a safety factor 
when designing for wind loads." The logic for the one-third increase in allowable de-
sign stresses for earthquake loads is similar to that for the wind provision. 
The Specification recognizes the generally accepted practice of increasing the al-
lowable stress by 33 percent for wind and earthquake. In the Specification this is ac-
complished by pennitting a 25 percent reduction in the combined load effects. This 
reduction should only be used for strength calculations. 
Section A5 .1.3 of the Specification also specifies that when the seismic load model 
is limit state based, the resulting earthquake load (E) is to be mUltiplied by 0.67. This 
reduction is consistent with the reduction of the load factor from 1.5 (load combina-
tions (5) and (6) of Section A6.1.2) to 1.0 as permitted by the first exception clause of 
Section A6.1.2. 
AS.1.4 Other Loads 
The Specification requires that consideration should also be given to the structural 
effects of other loads including (a) loads due to fluids, (b) loads due to the weight and 
lateral pressure of soil and water in soil, (c) loads, forces and effects due to ponding, 
and (d) self-straining forces and the effects resulting from temperature changes, 
shrinkage, moisture changes, creep, and movement due to differential settlement. For 
Ponding, see Commentary Section A4.2. 
A6 Load and Resistance Factor Design 
A6.1 Design Basis 
A limit state is the condition at which the structural usefulness of a load-carrying 
element or member is impaired to such an extent that it becomes unsafe for the occupants 
of the structure, or the element no longer perfonns its intended function. Typical limit 
states for cold-formed steel members are excessive deflection, yielding, buckling and at-
tainment of maximum strength after local buckling (i.e., postbuckling strength). These 
limit states have been established through experience in practice or in the laboratory, and 
they have been thoroughly investigated through analytical and experimental research. 
The background for the establishment of the limit states is extensively documented in 
(Winter, 1970; Pekoz, 1986b; and Yu, 1991), and a continuing research effort provides 
further improvement in understanding them. 
Two types of limit states are considered in the load and resistance factor design 
method. They are: (1) the limit state of the strength required to resist the extreme loads 
during the intended life of the structure, and (2) the limit state of the ability of the structure 
to perform its intended function during its life. These two limit states are usually referred 
to as the limit state of strength and limit state of serviceability. Like the ASD method, the 
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LRFD method focuses on the limit state of strength in Section A6.1. 1 and the limit state of 
serviceability in Section A8. 
A6.1.1 LRFD Strength Requirements 
For the limit state of strength, the general format of the LRFD method is expressed 
by the following equation: 
LYiQi :5 <j>Rn 
or 
Ru :5 <j>Rn 
where 
Ru = LYiQi = required strength 
Rn = nominal resistance 
<I> = resistance factor 
Yi = load factors 
Qi = load effects 
<j>Rn= design strength 
The nominal resistance is the strength of the element or member for a given limit 
state, computed for nominal section properties and for minimum specified materia] 
properties according to the appropriate analytical model which defines the strength. 
The resistance factor <I> accounts for the uncertainties and variabilities inherent in the 
Rn, and it is usually less than unity. The load effects Qi are the forces on the cross sec-
tion (i.e, bending moment, axial force, or shear force) determined from the specified 
nominal loads by structural analysis and Yi are the corresponding load factors which 
account for the uncertainties and variabilities of the loads. The load factors are dis-
cussed in Section A6.1.2 of this Commentary. 
The advantages ofLRFD are: (1) the uncertainties and the variabilities of different 
types of loads and resistances are different (e.g., dead load is less variable than wind 
load), and so these differences can be accounted for by use of multiple factors, and (2) 
by using probability theory designs can ideally achieve a more consistent reliability. 
Thus LRFD provides the basis for a more rational and refined design method than is 
possible with the ASD method. 
(a) Probabilistic Concepts 
Safety factors or load factors are provided against the uncertainties and variabili-
ties which are inherent in the design process. Structural design consists of comparing 
nominal load effects Q to nominal resistances R, but both Q and R are random parame-
ters (see Figure C-A6.1. 1 - 1). A limit state is violated ifR<Q. While the possibi1ity of 
this event ever occurring is never zero, a successful design shou]d, nevertheless, have 
only an acceptably small probability of exceeding the limit state. If the exact probabil-
ity distributions of Q and R were known, then the probability of (R - Q) < 0 could be 
exactly determined for any design. In general the distributions of Q and R are not 
known, and only the means, Qm and Rm, and the standard deviations, oQ and OR are 
available. Nevertheless it is possible to determine relative reliabilities of several de-
signs by the scheme illustrated in Figure C-A6.1.1-2. The distribution curve shown is 
for 1 n(RlQ) , and a limit state is exceeded when In(RlQ) S O. The area under In(RlQ) 
:5 0 is the probability of violating the limit state. The size of this area is dependent on 
the distance between the origin and the mean of 1 n(RlQ). For given statistical data Rm, 
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Probability Density 


















Probability of Exceeding a Limit State 
Figure C-A6.1.1-2 Definition of the Reliability Index ~ 
, 
Qrn, crR and crQ, the area under 1 n(RlQ) S 0 can be varied by changing the value of ~ 
(Figure C-A6.1.1-2), since ~crln(R1Q) = In(RlQ)m, from which approximately 
~ = In(Rrn/Qrn) 
j V2 + V2 R Q 
"'" 
where V R = crRlRm and V Q = crcjQrn, the coefficients of variation of R and Q, respec-
tively. The index ~ is called the "reliability index", and it is a relative measure of the 
safety of the design. When two designs are compared, the one with the larger ~ is more 
reliable. 
The concept of the reliability index can be used for determining the relative reli-
ability inherent in current design, and it can be used in testing out the reliability of new 
design fonnats, as illustrated by the following example of simply supported, braced 
beams subjected to dead and live loading. 
The ASD design requirement of the AISI Specification for such a beam is 
SeFy/O = (L2s s/8)(D+L) 
(C-A6.1.1-2) 
(C-A6.1.1-3) 
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where 
Se = elastic section modulus based on the effective section 
n = 5/3 = the safety factor for bending 
Fy = specified yield point 
Ls = span length, and s = beam spacing 
D and L are, respectively, the code specified dead and live load intensities. 
The mean resistance is defined as (Ravindra and Galambos, 1978) 
Rm = Rn{PmMmFm} (C-A6. 1. 1-4) 
In the above equation, Rn is the nominal resistance, which in this case is 
Rn = SeFy 
that is, the nominal moment predicted on the basis of the postbuckling strength of the 
compression flange and the web. The mean values Pm, Mm, and Fm, and the corre-
sponding coefficients of variation Vp, VM, and Vp, are the statistical parameters which 
define the variability of the resistance: 
Pm = the mean ratio of the experimentally determined moment to the predicted 
moment for the actual material and cross-sectional properties of the test 
specimens 
Mm = mean ratio of the actual yield point to the minimum specified value 
Fm = mean ratio of the actual section modulus to the specified (nominal) value 
The coefficient of variation of R equals 
V R = jv~ + V~ + V~ . 
The values of these data were obtained from examining the available tests on 
beams having different compression flanges with partially and fully effective flanges 
and webs, and from analyzing data on yield point values from tests and cross-section-
al dimensions from many measurements. This information was developed from re-
search (Hsiao, Yu, and Galambos, 1988a and 1990; Hsiao, 1989) and is given below: 
Pm = 1.11, Vp = 0.09; Mm = 1.10, VM = 0.10; Fm = 1.0, VF = 0.05 and thus 
Rm = 1.22Rn and VR = 0.14. 
The mean load effect is equal to 
Qm = (L2ss/8)(Dm + Lm) 
and 
j(Dm V 0)2 + (Lm V L)2 V - ~--------------Q - Om + Lm 
where Dm and Lm are the mean dead and live load intensities, respectively, and VD and 
V L are the corresponding coefficients of variation. 
Load statistics have been analyzed in a study of the National Bureau of Standards 
(NBS) (Ellingwood et aI., 1980), where it was shown that Dm = 1.05D, V D = 0.1 ; Lm = 
L, VL = 0.25. 
The mean live load intensity equals the code live load intensity if the tributary area 
is small enough so that no live load reduction is included. Substitution of the load sta-
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Qrn = L!S (J.(~~D + I)L (C-A6.1.1-9) 
j(l.05D/L)2Vt + vt 
V Q = (l.05D/L + 1) 
(C-A6.1.1-10) 
Qm and V Q thus depend on the dead-to-live load ratio. Cold-formed steel beams 
typically have small DIL, and for the purposes of checking the reliability of these 
LRFD criteria it will be assumed that DIL = 1/5, and so Qm = 1.21L(L2s s/8) and V Q = 
0.21. 
From Equations C-A6.1.1-3 and C-A6.1.1-5, the nominal resistance, Rn, can be 
obtained for DIL = 115 and n = 5/3 as follows: 
Rn = 2L(Ls2s/8) 
In order to detennine the reliability index, ~, from Equation C-A6.1.1-2, the 
Rm/Qrn ratio is required by considering Rm = 1.22Rn: 
Rm 1.22x2.0xL(L~s/8) 
- = = 202 Qm 1.21L(L~s/8) . 
Therefore, from Equation C-A6.1.1-2, 
~ = In(2.02) = 2.79 
/0.142 + 0.212 
Of itself ~= 2.79 for beams having different compression flanges with partially and 
fully effective flanges and webs designed by the AISI Specification means nothing. 
However, when this is compared to ~ for other types of cold-fonned steel members, 
and to ~ for designs of various types from hot-rolled steel shapes or even for other 
materials, then it is possible to say that this particular cold-fonned steel beam has 
about an average reliability (Galambos et al., 1982). 
(b) Basis for LRFD of Cold-Fanned Steel Structures 
A great deal of work has been perfonned for detennining the values of the reliabil-
ity index ~ inherent in traditional design as exemplified by the current structural de-
sign specifications such as the AISC Specification for hot-rolled steel, the AISI Spec-
ification for cold-fonned steel, the ACI Code for reinforced concrete members, etc. 
The studies for hot-rolled steel are summarized by Ravindra and Galambos (1978), 
where also many further papers are referenced which contain additional data. The de-
tennination of ~ for cold-fonned steel elements or members is presented in several 
research reports of the University of Missouri-Rolla (Hsiao, Yu, and Galambos, 
1988a~ Rang, Galambos, and Yu, 1979a, 1979b, 1979c, and 1979d; Supomsilapha-
chai, Galambos, and Yu, 1979), where both the basic research data as well as the Ws 
inherent in the AISI Specification are presented in great detail. The ~'s computed in 
the above referenced publications were developed with slightly different load statis-
tics than those of this Commentary, but the essential conclusions remain the same. 
The entire set of data for hot-rolled steel and cold-formed steel designs, as well as 
data for reinforced concrete, aluminum, laminated timber, and masonry walls was re-
analyzed by Ellingwood, Galambos, MacGregor, and Cornell (Ellingwood et al., 
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1980; Galambos et al., 1982; Ellingwood et aI., 1982} using (a) updated load statistics 
and (b) a more advanced level of probability analysis which was able to incorporate 
probability distributions and to describe the true distributions more realistically. The 
details of this extensive reanalysis are presented by the investigators. Only the final 
conclusions from the analysis are summarized below. 
The values of the reliability index ~ vary considerably for the different kinds of 
loading, the different types of construction, and the different types of members within 
a given material design specification. In order to achieve more consistent reliability, it 
was suggested by Ellingwood et al. (1982) that the following values of ~ would pro-
vide this improved consistency while at the same time give, on the average, essentially 
the same design by the LRFD method as is obtained by current design for all materials 
of construction. These target reliabilities ~o for use in LRFD are: 
Basic case: 
For connections: 
For wind loading: 
Gravity loading, ~o = 3.0 
~o = 4.5 
~o = 2.5 
These target reliability indices are the ones inherent in the load factors recom-
mended in the ASCE 7-95 Load Standard (ASCE, 1995). 
For simply supported, braced cold-formed steel beams with stiffened flanges, 
which were designed according to the 1996 AISI allowable stress design method or to 
any previous version of this specification, it was shown that for the representative 
dead-to-live load ratio of 1/5 the reliability index ~ = 2.79. Considering the fact that 
for other such load ratios, or for other types of members, the reliability index inherent 
in current cold-formed steel construction could be more or less than this value of2.79, 
a somewhat lower target reliability index of ~o = 2.5 is recommended as a lower limit 
for the AISI LRFD Specification. The resistance factors cp were selected such that ~o = 
2.5 is essentially the lower bound of the actual Ws for members. In order to assure that 
failure of a structure is not initiated in the connections, a higher target reliability of ~o 
= 3.5 is recommended for joints and fasteners. These two targets of 2.5 and 3.5 for 
members and connections, respectively, are somewhat lower than those recom-
mended by the ASCE 7-95 (i.e., 3.0 and 4.5, respectively), but they are essentially the 
same targets as are the basis for the AISC LRFD Specification (AISC, 1993). For 
wind loading, the same ASCE target value of ~o = 2.5 is used in the AISI LRFD Speci-
fication. 
A6.1.2 Load Factors and Load Combinations 
The following load factors and load combinations were developed by Ellingwood 
et al (1980 and 1982) to give essentially the same ~'s as the target ~o's, and are recom-
mended for use with the ASCE 7-95 Load Standard (ASCE, 1995) for all materials, 
including cold-formed steel: 
1.1.4D 
2. 1.2D+ 1.6L+0.5(Lr or S or Rr} 
3. 1.2D+ 1.6(Lr or S or Rr}+(0.5L or 0.8W} 
4. 1.2D+ l.3W +O.5L+D.5(Lr or S or Rr} 
5. 1.2D+l.0E+(O.5L or 0.2S) 
6. O.9D-l.3W or + 1.0E 
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where 
D =dead load 
E = earthquake load 
L =live load due to occupancy; 
weight of wet concrete for composite construction 
Lr=roof live load 
Rr= roof rain load 
S =snow load 
W=wind load 
It should be noted that in Section A6.1.2 of the AISI Specification, minor modifica-
tions of the load factors and load combinations have been made as follows: 
(a) Because the dead load of cold-formed steel structures is usually smaller than that 
of heavy construction, the first case of load combinations included in Section 
A6.1.2 of the Specification is (l.4D+L) instead of the ASCE value of l.4D. This 
AISI requirement is identical with the ASCE Standard when L = O. 
(b) For the third load combination, the load factor used for the nominal roof Ii ve load, 
Ln in Section A6.1.2 of the AISI Specification is 1.4 instead of the ASCE value of 
1.6 when the roof live load is due to the presence of workmen and materials dur-
ing repair operations, because this type of live load can be considered as a type of 
construction load. 
(c) For roof and wall construction using combinations (3), (4), and (6), the load fac-
tor for the nominal wind load W to be used for the design of individual purlins, 
girts, wall panels and roof decks should be multiplied by a reduction factor of 0.9 
because these elements are secondary members subjected to a short duration of 
wind load and thus can be designed for a smaller reliability than primary mem-
bers such as beams and columns. For example, the reliability index of a wall pan-
el under wind load alone is approximately 1.5 with this reduction factor. With this 
reduction factor, designs comparable to current practice are obtained. 
(d) For combinations (5) and (6), the 1995 ASCE Standard uses a load factor of 1.0 
for the earthquake load factor when the seismic load model is limit state based. In 
view of the fact that most of the cold-formed steel structural members are pres-
ently designed according to the allowable stress design method, the load factor of 
1.5 is retained in the 1996 AISI Specification with an exception clause to permit 
the use of a load factor of 1.0 for earthquake load when the seismic load model 
specified by the applicable code or specification is limit state based. 
In addition to the above modifications, the following LRFD criteria apply for roof 
and floor composite construction using cold-formed steel: 
1.2Ds + 1.6Cw + l.4C 
where 
Ds = weight of steel deck 
Cw = weight of wet concrete during construction 
C = construction load, including equipment, workmen and fonnwork, but ex-
cluding the weight of the wet concrete. 
,The above load combination provides safe construction practices for cold-formed 
steel decks and panels which otherwise may be damaged during construction. The 
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load factor used for the weight of wet concrete is 1.6 because of delivering methods 
and an indi vidual sheet can be subjected to this load. The use of a load factor of 1.4 for 
the construction load reflects a general practice of 33 percent strength increase for 
concentrated loads in the allowable stress design approach. 
Resistance Factors 
The load factors and load combinations given above are recommended with the 
LRFD criteria for cold-formed steel. The following portions of this Commentary 
present the background for the resistance factors 4> which are recommended for vari-
ous members and connections in Chapters B through E. These 4> factors are deter-
mined in conformance with the load factors given above to approximately provide a 
target ~o of 2.S for members and 3.5 for connections, respectively, for the load com-
bination 1.2D+ 1.6L. For practical reasons, it is desirable to have relatively few differ-
ent resistance factors, and so the actual values of ~ will differ from the derived targets. 
This means that 
<!>Rn= c(1.2D+1.6L) = (1.2DIL+1.6)cL 
where c is the deterministic influence coefficient translating load intensities to load 
effects. 
By assuming DIL = 115, Equations C-A6.1.2-1 and C-A6.1.1-9 can be rewritten 
as follows: 
Rn = 1.84(cL/<!» 
Qrn = (l.OSDIL+I)cL = 1.21cL 
Therefore, 
Rrn/Qrn =( I .S2114> )(RrnlRn) 
The <1> factor can be computed from Equation C-A6.1.2-S on the basis of Equations 
C-A6.1.1-2, C-A6.1.1-4 and C-A6.1.2-4 (Hsiao, Yu and Galambos, 1988b): 
<1> = I.S21 (PrnMrnFm)eXP(-~ojv~ + v~ ) 
in which, ~o is the target reliability index. Other symbols were defined previously. 
By knowing the 4> factor, the corresponding safety factor, n., for allowable stress 
design can be computed for the load combination 1.20+ 1.6L as follows: 
Q =(l.2DIL + 1.6)/[<!>(01L + 1)] 
where OIL is the dead-to-live load ratio for the given condition. 
AS.1.3 Other Loads 
Specification Section A6.1.2 provides load factors and load combinations for 
dead, live, wind, snow, and earthquake loads. When the structural effects of other 
loads (F, H, P or n are important, they should also be considered in design. The load 
factors provided in Specification Section A6.1.3 for other loads are based on the 
ASCE Standard. These load factors have been chosen to yield designs that would be 
similar to those obtained with existing specifications, if appropriate adjustments con-
sistent with the load combinations in Specification Section A6.1.2 were made to the 
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A7 Yield Point and Strength Increase from Cold Work of Forming 
A7.1 Yield Point 
The strength of cold-formed steel structural members depends on the yield point 
or yield strength, except in those cases where elastic local buckling or overall buckling is 
critical. Because the stress-strain curve of steel sheet or strip can be either sharp-yielding 
type (Figure C-A7.l-1(a» or gradual-yielding type (Figure C-A7.1-1(b», the method 
for determining the yield point for sharp-yielding steel and the yield strength for gradual-
yielding steel are based on the ASTM Standard A370 (ASTM, 1994). As shown in Figure 
C-A 7 .1-2( a), the yield point for sharp-yielding steel is defined by the stress level of the 
plateau. For gradual-yielding steel, the stress-strain curve is rounded out at the "knee" 
and the yield strength is determined by either the offset method (Figure C-A 7 .1-2(b» or 
the extension under the load method (Figure C-A 7.1-2(c». The term yield point used in 
the Specification applies to either yield point or yield strength. Section 1.2 of the AISI 
Design Manual (AISI, 1996) lists the minimum mechanical properties specified by the 
ASTM specifications for various steels. 
The strength of members that are governed by buckling depends not only on the 
yield point but also on the modulus of elasticity, E, and the tangent modulus, Et. The mo-
dulus of elasticity is defined by the slope of the initial straight portion of the stress-strain 
curve (Figure C-A 7.1-1). The measured values ofE on the basis of the standard methods 
usually range from 29,000 to 30,000 ksi (200 to 207 GPa). A value of 29,500 ksi (203 
GPa) is used in the Specification for design purposes. The tangent modulus is defined by 
the slope of the stress-strain curve at any stress level, as shown in Figure C-A 7.1-1 (b). 
For sharp-yielding steels, Et = E up to the yield point, but with gradual-yielding 








Figure C-A7.1-1 Stress-Straln Curves of Carbon Steel Sheet or Strip 
(a) Sharp YIelding, (b) Gradual YIelding 
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Figure C-A7.1-2 Stress-Strain Diagrams Showing Methods of Yield Point 
and Yield Strength Determination 
limit, the tangent modulus Et becomes progressively smaller than the initial modulus of 
elasticity. 
Various buckling provisions of the Specification have been written for gradual-
yielding steels whose proportional limit is not lower than about 70 percent of the specified 
minimum yield point. 
Determination of proportional limits for information purposes can be done simply 
by using the offset method shown in Figure C-A 7 .1-2(b) with the distance "om" equal to 
O.OOOllengthilength (0.01 percent offset) and calling the stress R where "mn" intersects 
the stress-strain curve at "r", the proportional limit. 
A7.2 Strength Increase from Cold Work of Forming 
The mechanical properties of the flat steel sheet, strip, plate or bar, such as yield 
point, tensile strength, and elongation may be substantially different from the properties 
exhibited by the cold-formed steel sections. Figure C-A 7.2-1 illustrates the increase of 
yield strength and tensile strength from those of the virgin material at the section locations 
in a cold-formed steel channel section and ajoist chord (Karren and Winter, 1967). This 
difference can be attributed to cold working of the material during the cold-fonning pro-
cess. 
The influence of cold work on mechanical properties was investigated by Chajes, 
Britvec, Winter, Karren, and Uribe at Cornell University in the 1960s (Chajes. Britvec, 
and Winter, 1963; Karren, 1967; Karren and Winter, 1967; Winter and Uribe, 1968). It 
was found that the changes of mechanical properties due to cold-stretching are caused 
mainly by strain-hardening and strain-aging, as illustrated in Figure C-A 7.2-2 (Chajes, 
Britvec, and Winter, 1963). In this figure, curve A represents the stress-strain curve of the 
virgin material. Curve B is due to unloading in the strain-hardening range, curve C repre-
sents immediate reloading, and curve D is the stress-strain curve of reloading after 
strain-aging. It is interesting to note that the yield points of both curves C and D are higher 
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Figure C-A7.2-1 Effect of Cold-Work on Mechanical Properties In Cold-Formed 
Steel Sections. (a) Channel Section, (b) Joist Chord 
than the yield point of the virgin material and that the ductilities decrease after strain hard-
ening and strain aging. 
Cornell research also revealed that the effects of cold work on the mechanical 
properties of comers usually depend on (1) the type of steel, (2) the type of stress (com-
pression or tension), (3) the direction of stress with respect to the direction of cold work 
(transverse or longitudinal), (4) the FulFy ratio, (5) the inside radius-to--thickness ratio 
(Rlt), and (6) the amount of cold work. Among the above items, the FulFy and Rlt ratios 
are the most important factors to affect the change in mechanical properties of formed 
sections. Virgin material with a large FulPy ratio possesses a large potential for strain 
hardening. Consequently as the FulFy ratio increases, the effect of cold work on the in-
crease in the yield point of steel increases. Small inside radius-to-thickness ratios, Rlt, 
correspond to a large degree of cold work in a comer, and therefore, for a given material, 
the smaller the Rlt ratio, the larger the increase in yield point. 





Ductili after strain 
hardening 
Virgin ductility 
Figure C-A7.2-2 Effect of Strain Hardening and Strain Aging on 
Stress-Strain Characteristics 
Investigating the influence of cold work, Karren derived the following equations 
for the ratio of comer yield strength-to-virgin yield strength (Karren, 1967): 
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Fyc Be 




Be = 3.69 Fuv -O.819(Fuv) -1.79 
Fyv Fyv 
Fuv 
m = 0.192p -O.068 yv 
Fye=comer yield strength 
Fyv = virgin yield strength 
Fuv = virgin ultimate tensile strength 
R = inside bend radius 
t = sheet thickness 
With regard to the full-section properties, the tensile yield strength of the full sec-
tion may be approximated by using a weighted average as follows: 
Fya = CFyc + (1 - C)Fyf 
where 
Fya = full-section tensile yield strength 
Fye = average tensile yield strength of comers = BcFyvf(Rlt)m 
Fyf = average tensile yield strength of flats 
C = ratio of comer area to total cross-sectional area. For flexural members having 
unequal flanges, the one giving a smaller C value is considered to be the con-
trolling flange 
(C-A7.2-2) 
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Good agreements between the computed and the tested stress-strain characteris-
tics for a channel section and a joist chord section were demonstrated by Karren and Win-
ter (Karren and Winter, 1967). 
In the last two decades, additional studies have been made by numerous investiga-
tors. These investigations dealt with the cold-formed sections having large Rlt ratios and 
with thick materials. They also considered residual stress distribution, simplification of 
design methods, and other related subjects. For details, see Yu (1991). 
In 1962, the AISI Specification permitted the utilization of cold work of forming 
on the basis of full section tests. Since 1968, the AISI Specification has allowed the use of 
the increased average yield point of the section, Pya, to be determined by (1) full section 
tensile tests, (2) stub column tests, or (3) computed in accordance with Equation 
C-A 7.2-2. However, such a strength increase is limited only to relatively compact sec-
tions designed according to Specification Section C3.1 (bending strength excluding the 
use of inelastic reserve capacity), Section C4 (concentrically loaded compression mem-
bers), Section C5 (combined axial load and bending), Section C6 (cylindrical tubular 
members) and Section D4 (wall studs) . In the 1996 edition of the AISI Specification, the 
strength increase from cold work of forming is also allowed for the design of axially 
loaded tension members as specified in Section C2. Design Example 1-15 demonstrates 
the use of strength increase from cold work of forming for a channel section to be used as a 
beam (AISI, 1996). 
In some cases, when evaluating the effective area of the web, the reduction factor p 
according to Section B2 of the Specification may be less than unity but the sum ofb} and 
b2 of Figure B2.3-1 of the Specification may be such that the web is fully effective, and 
cold work of forming may be used. 
In the development of the AISI LRFD Specification, the following statistical data 
on material and cross-sectional properties were developed by Rang, Galambos and Yu 
(1979a and 1979b) for use in the derivation of resistance factors <\>: 
(Fy}m =1.10Fy~ Mm = 1.10~ Vpy =VM=O.lO 
(Fya)m=1.10Fya; Mm = 1.10; VFya= VM = 0.11 
(Fu)m = 1.1 OFu ~ Mm = 1.10; V Fu = V M = 0.08 
= 1.00~ Vp = 0.05 
In the above expressions, m refers to mean value, V represents coefficient of varia-
tion, M and F are, respectively, the ratios of the actual-to-the nominal material property 
and cross-sectional property; and Fy, Fya, and Fu are, respectively, the specified minimum 
yield point, the average yield point including the effect of cold forming, and the specified 
minimum tensile strength. 
These statistical data are based on the analysis of many samples (Rang et ai., 1978) 
and they are representative properties of materials and cross sections used in the industrial 
application of cold-formed steel structures. 
A8 Serviceability 
Serviceability limit states are conditions under which a structure can no longer perform 
its intended functions. Safety and strength considerations are generally not affected by ser-
viceability limit states. However, serviceability criteria are essential to ensure functional 
performance and economy of design. 
Common conditions which may require serviceability limits are: 
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1. Excessive deflections or rotations which may affect the appearance or functional use of 
the structure. Deflections which may cause damage to non-structural elements should 
be considered. 
2. Excessive vibrations which may cause occupant discomfort of equipment malfunc-
tions. 
3. Deterioration over time which may include corrosion or appearance considerations. 
When checking serviceability, the designer should consider appropriate service loads, 
the response of the structure, and the reaction of building occupants. 
Service loads that may require consideration include static loads, snow or rain loads, 
temperature fluctuations, and dynamic loads from human activities, wind-induced effects, 
or the operation of equipment. The service loads are actual loads that act on the structure at an 
arbitrary point in time. Appropriate service loads for checking serviceability limit states may 
only be a fraction of the nominal loads. 
The response of the structure to service loads can normally be analyzed assuming linear 
elastic behavior. However, members that accumulate residual deformations under service 
loads may require consideration of this long-term behavior. 
Serviceability limits depend on the function of the structure and on the perceptions of 
the observer. In contrast to the strength limit states, it is not possible to specify general ser-
viceability limits that are applicable to all structures. The Specification does not contain ex-
plicit requirements, however, guidance is generally provided by the applicable building 
code. In the absence of specific criteria, guidelines may be found in Fisher and West (1990), 
Ellingwood (1989), Murray (1991), Allen and Murray (1993). 
A9 Referenced Documents 
Other specifications and standards to which the Specification makes references to have 
been listed and updated in Section A9 to provide the effective dates of these standards at the 
time of approval of this Specification. 
Additional references which the designer may use for related information are listed at 
the end of the Commentary. 
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B. ELEMENTS 
In cold-formed steel construction, individual elements of steel structural members are 
thin and the width-to-thickness ratios are large as compared with hot-rolled steel shapes. 
These thin elements may buckle locally at a stress level lower than the yield point of steel 
when they are subjected to compression in flexural bending, axial compression, shear, or 
bearing. Figure C-B-1 illustrates some local buckling patterns of certain beams and columns 
(Yu, 1991). 
Because local buckling of individual elements of cold-formed steel sections is a major 
design criterion, the design of such members should provide sufficient safety against the fail-
ure by local instability with due consideration given to the postbuckling strength of structural 
components. Chapter B of the Specification contains the design requirements for width-to-
thickness ratios and the design equations for determining the effective widths of stiffened 
compression elements, un stiffened compression elements, and elements with edge stiffeners 
or intermediate stiffeners. Additional provisions are provided for the use of stiffeners. 
81 Dimensional Limits and Considerations 
81.1 Flange Flat-Width-to-Thickness Considerations 
(a) Maximum Flat-Width-to-Thickness Ratios 
Section B 1.1 (a) of the Specification contains limitations on permissible flat-width-
to-thickness ratios of compression flanges. To some extent, these limitations are ar-
bitrary. They do, however, reflect a long time experience and are intended to delimit 
practical ranges (Winter, 1970). 
The limitation to a maximum wit of 60 for the compression flanges having one longi-
tudinal edge connected to a web and the other edge is stiffened by a simple lip is 
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Figure C-B-1 Local Buckling of Compression Elements 
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relatively large depth would be required to stiffen the flange (Winter, 1970). The lo-
cal instability of the lip would necessitate a reduction of the bending capacity to pre-
vent premature buckling of the stiffening lip. This is the reason why the wIt ratio is 
limited to 60 for stiffened compression elements having one longitudinal edge con-
nected to a web or flange element and the other is stiffened by a simple lip. 
The limitation to wIt = 90 for compression flanges with any other kind of stiffeners 
indicates that thinner flanges with large wIt ratios are quite flexible and liable to be 
damaged in transport, handling and erection. The same is true for the limitation to 
wIt = 500 for stiffened compression elements with both longitudinal edges con-
nected to other stiffened elements and for the limitation to wIt = 60 for unstiffened 
compression elements. The note specifically states that wider flanges are not unsafe, 
but that when the wIt ratio of un stiffened flanges exceeds 30 and the wIt ratio of stiff-
ened flanges exceeds 250, it is likely to develop noticeable deformation at the full 
design strength, without affecting the ability of the member to develop required 
strength. In both cases the maximum wIt is set at twice that ratio at which first notice-
able deformations are likely to appear, based on observations of such mernbers un-
der tests. These upper limits will generally keep such deformations to reasonable 
limits. In such cases where the limits are exceeded, tests in accordance with Specifi-
cation Chapter F are required. 
(b) Flange Curling 
In beams which have unusually wide and thin, but stable flanges, (i.e., primarily ten-
sion flanges with large wIt ratios), there is a tendency for these flanges to curl under 
bending. That is, the portions of these flanges most remote from the web (edges of 
I-beams, center portions of flanges of box or hat beams) tend to deflect toward the 
neutral axis. An approximate, analytical treatment of this problem was given by 
Winter (1948b). Equation B1.1-1 of the Specification permits one to compute the 
maximum permissible flange width, Wf, for a given amount of flange curling, Cf. 
It should be noted that Section B 1.1 (b) does not stipulate the amount of curling 
which can be regarded as tolerable, but an amount of curling in the order of 5 percent 
of the depth of the section is not excessive under usual conditions. In general, flange 
curling is not a critical factor to govern the flange width. However, when the appear-
ance of the section is important, the out-of-plane distortion should be closely con-
trolled in practice. Example 1-17 illustrates the design consideration for flange curl-
ing (AISI, 1996). 
(c) Shear Lag Effects - Short Spans Supporting Concentrated Loads 
For the beams of usual shapes, the normal stresses are induced in the flanges through 
shear stresses transferred from the web to the flange. These shear stresses produce 
shear strains in the flange which, for ordinary dimensions, have negligible effects. 
However, if flanges are unusually wide (relative to their length) these shear strains 
have the effect that the normal bending stresses in the flanges decrease with increas-
ing distance from the web. This phenomenon is known as shear lag. It results in a 
non-uniform stress distribution across the width of the flange, similar to that in stiff-
ened compression elements (see Section B2 of the Commentary), though for entirely 
different reasons. The simplest way of accounting for this stress variation in design 
is to replace the non-uniformly stressed flange of actual width Wf by one of reduced, 
effective width subject to uniform stress (Winter, 1970). 
Theoretical analyses by various investigators have arrived at results which differ 
numerically (Roark, 1965). The provisions of Section B 1.1 (c) are based on the anal-
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ysis and supporting experimental evidence obtained by detailed stress measure-
ments on eleven beams (Winter, 1940). In fact, the values of effective widths in 
Table Bl.l(c) are taken directly from Curve A of Figure 4 of Winter (1940). 
It will be noted that according to Section Bl.l(c), the use of a reduced width for 
stable, wide flanges is required only for concentrated load as shown in Figure 
C-B 1.1-1. For uniform load it is seen from Curve B of the figure that the width re-
duction due to shear lag for any unrealistically large width-span ratios is so small as 
to be practically negligible . 
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Figure C-B1.1-1 Analytical Curves for Determining Effective Width of 
Flange of Short Span Beams 
The phenomenon of shear lag is of considerable consequence in naval architecture 
and aircraft design. However, in cold-formed steel construction it is infrequent that 
beams are so wide as to require significant reductions according to Section B 1.1 (c). 
For design purpose, see Example 1-16 of the Design Manual (AISI, 1996). 
81.2 Maximum Web Depth-to-Thickness Ratio 
Prior to 1980, the maximum web depth-to--thickness ratio, hit, was limited to (a) 
150 for cold-formed steel members with unreinforced webs and (b) 200 for members 
which are provided with adequate means of transmitting concentrated loads and/or reac-
tions into the web. Based on the studies conducted at the University of Missouri-Rolla in 
the 1970s (LaBoube and Yu, 1978a, 1978b, and 1982b; Hetrakul and Yu, 1978 and 1980; 
Nguyen and Yu, 1978a and 1978b), the maximum hIt ratios were increased to (a) 200 for 
unreinforced webs, (b) 260 for using bearing stiffeners and (c) 300 for using bearing and 
intermediate stiffeners in the 1980 edition of the AISI Specification. These hIt limitations 
are the same as that used in the AISC Specification (AISC, 1989) for plate girders and are 
retained in the 1996 edition of the AISI Specification. Because the definition for "h" was 
changed in the 1986 edition of the AISI Specification from the "clear distance between 
flanges" to the "depth of flat portion," measured along the plane of web, the prescribed 
maximum hit ratio may appear to be more liberal. An unpublished study by LaBoube con-
cluded that the present definition for h had negligible influence on the web strength. 
82 Effective Widths of Stiffened Elements 
It is well known that the structural behavior and the load~arrying capacity of the stiff-
ened compression element such as the compression flange of the hat section depend on the 
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wIt ratio and the supporting condition along both longitudinal edges. If the wIt ratio is small 
the stress .in the comp~ession flange can reach the yield point of steel and the strength of th~ 
c.ompresslon ele~ent l~ governed by yielding. For the compression flange with large wIt ra-
tlos, local buckhng (Figure C-B2-1) will occur at the following elastic critical buckling 
stress: 
f - kn2E 
cr - 12(1-~2)(w /t)2 
where 
E = modulus of elasticity of steel 
k = plate buckling coefficient (Table C-B2-1) 
k = 4 for stiffened compression elements supported by a web on each longitudinal 
edge 
= thickness of the compression element 
w = flat width of the compression element 
~ = Poisson's ratio = 0.3 for steel in the elastic range 
When the elastic critical buckling stress computed according to Equation C-B2-1 ex-
ceeds the proportional limit of the steel, the compression element will buckle in the inelastic 
range (Yu, 1991). 
Figure C-B2-1 Local Buckling of Stiffened Compression Flange of 
Hat-Shaped Beam 
UnliKe one-dimensional structural members such as columns, stiffened compression 
elements will not collapse when the buckling stress is reached. An additional load can be car-
ried by the element after buckling by means of a redistribution of stress. This phenomenon is 
known as postbuckling strength of the compression elements and is most pronounced for 
stiffened compression elements with large wIt ratios. The mechanism of the postbuckling 
action of compression elements was discussed by Winter in previous editions of the AISI 
Commentary (Winter, 1970). 
Imagine for simplicity a square plate uniformly compressed in one direction, with the 
unloaded edges simply supported. Since it is difficult to visualize the performance of such 
tWo-dimensional elements, the plate will be replaced by a model which is shown on Figure 
C-B2-2. It consists of a grid of longitudinal and transverse bars in which the material of the 
actual plate is thought to be concentrated. Since the plate is uniformly compressed, each of 
the longitudinal struts represents a column loaded by P/5, ifP is the total load on the plate. As 
the load is gradually increased the compression stress in each of these struts wil1 reach the 
critical column buckling value and all five struts will tend to buckle simultaneously. If these 
struts were simple columns, unsupported except at the ends, they would simultaneously col-
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lapse through unrestrained increasing lateral deflection. It is evident that this cann.ot occur i.n 
the grid model of the plate. Indeed, as soon as the longitudinal struts start deflectmg at theIr 
buckling stress, the transverse bars which are connected to them must stretch like ties in order 
to accommodate the imposed deflection. Like any structural material, they resist stretch and, 
thereby, have a restraining effect on the deflections of the longitudinal struts. 
w 
Figure C-B2-2 Postbuckllng Strength Model 
The tension forces in the horizontal bars of the grid model correspond to the s~alled 
membrane stresses in a real plate. These stresses, just as in the grid model, come into playas 
soon as the compression stresses begin to cause buckling waves. They consist mostly of 
transverse tension, but also of some shear stresses, and they counteract increasing wave 
deflections, i.e. they tend to stabilize the plate against further buckling under the applied in-
creasing longitudinal compression. Hence, the resulting behavior of the model is as follows: 
(a) there is no collapse by unrestrained deflections, as in unsupported columns, and (b) the 
various struts will deflect unequal amounts, those nearest the supported edges being held al-
most straight by the ties, those nearest the center being able to deflect most. 
In consequence of (a), the model will not collapse and fail when its buckling stress 
(Equation C-B2-1) is reached~ in contrast to columns it will merely develop slight deflec-
tions but will continue to carry increasing load. In consequence of (b), the struts (strips of the 
plate) closest to the center, which deflect most, "get away from the load," and hardly partici-
pate in carrying any further load increases. These center strips may in fact, even transfer part 
of their pre-buckling load to their neighbors. The struts (or strips) closest to the edges, held 
straight by the ties, continue to resist increasing load with hardly any increasing deflection. 
For the plate, this means that the hitherto uniformly distributed compression stress re-dis-
tributes itself in a manner shown on Figure C-B2-3, the stresses being largest at the edges 
and smallest in the center. With further increase in load this non-uniformity increases further, 
as also shown on Figure C-B2-3. The plate fails, i.e., refuses to carry any further load in-
creases, only when the most highly stressed strips, near the supported edges, begin to yield, 
i.e., when the compression stress fmax reaches the yield point Fy. 
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Figure C-B2-3 Stress Distribution In Stiffened Compression Elements 
This postbuckling strength of plates was discovered experimentally in 1928, and an 
approximate theory of it was first given by Th. v. Karman in 1932 (Bleich, 1952). It has been 
used in aircraft design ever since. A graphic illustration of the phenomenon of postbuckling 
strength can be found in the series of photographs on Figure 7 of Winter (1959b). 
The model of Figure C-B 2-2 is representati ve of the behavior of a compression element 
supported along both longitudinal edges, as the flange in Figure C-B2-1. In fact, such ele-
ments buckle into approximately square waves. 
In order to utilize the postbuckling strength of the stiffened compression element for 
design purposes, the AISI Specification has used the effective design width approach to deter-
mine the sectional properties since 1946. In Section B2 of the present Specification, design 
equations for computing the effective widths are provided for the following three cases: (1) 
uniformly compressed stiffened elements, (2) uniformly compressed stiffened elements with 
circular holes, and (3) webs and stiffened elements with stress gradient. The background in-
formation on various design requirements is discussed in subsequent sections. 
82.1 Uniformly Compressed Stiffened Elements 
(a) Effective Width for Load Capacity Determination 
In the "effective design width" approach, instead of considering the nonuniform dis-
tribution of stress over the entire width of the plate w, it is assumed that the total load 
is carried by a fictitious effective width b, subject to a uniformly distributed stress 
equal to the edge stress fmax, as shown in Figure C-B2-3. The width b is selected so 
that the area under the curve of the actual nonuniform stress distribution is equal to 
the sum of the two parts of the equi valent rectangular shaded area with a total width b 
and an intensity of stress equal to the edge stress fmax· 
Based on the concept of "effective width" introduced by von Karman et al. (von Kar-
man, Sechler and Donnell, 1932) and the extensive investigation on light-gage, 
cold-formed steel sections at Cornell University, the following equation was devel-
oped by Winter in 1946 for determining the effective width b for stiffened compres-
sion elements simply supported along both longitudinal edges: 
b = 1.91/f:[1 - 0.475(~)/f:] 
The above equation can be written in tenns of the ratio of fcr'fmax as follows: 
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During the period from 1946 to 1968, the AISI design provision for the detennina-
tion of the effective design width was based on Equation C-B2.1-1. A long-time 
accumulated experience has indicated that a more realistic equation, as shown below 
may be used for the determination of the effective width b (Winter, 1970): 
b = 1.9t j/;,ax [ 1-0.415(~) j/;,ox ] 
The correlation between the test data on stiffened compression elements and Equa-
tion C-B2.l-3 is illustrated by Yu (1991). 
It should be noted that Equation C-B2.1-3 may also be rewritten in terms of the 
fcrlfmax ratio as follows: 
~ = ~(1 -0.22 rc:) y"fm:x y"fm:x 
Therefore, the effective width, b, can be determined as 
b = pw 
where p = reduction factor 
In Equation C-B2.1-6, A is a slenderness factor determined below. 
A = jfmax/fcr = jfmax[l2(1-Jl2)(w /t)2]/(k3t2E) 
= (1.052/ !k)(w It) jfmax/E 
Figure C-B2.1-1 shows the relationship between p and A. It can be seen that when 
A:S; 0.673, P = 1.0. 
0.6 
Eq. C-B2.1-6 








Figure C-B2.1-1 Reduction Factor, p, vs. Slenderness Factor, A. 
Based on Equations C-B2.1-5 through C-B2.1-7 and the unified approach pro-
posed by Pekoz (1986b and 1986c), the 1986 edition of the AISI Specification 
adopted the nondimensional format in Section B2.1 for determining the effective de-
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tions are used in the 1996 edition of the AISI Specification. For design examples, see 
Part I of the Design A4anual (AISI, 1996). 
(b) Effective Width for Deflection Determination 
The effective design width equations discussed above for load capacity determina-
tion can also be used to obtain a conservative effective width, bd, for deflection cal-
culation. It is included in Section B2.l(b) of the Specification as Procedure I. 
For stiffened compression elements supported by a web on each longitudinal edge, a 
study conducted by Weng and Pekoz (1986) indicated that Equations B2. 1-7 
through B2 .1-10 of the Specification can yield a more accurate estimate of the effec-
tive width, bd, for deflection analysis. These equations are given in Procedure II for 
additional design information. The design engineer has the option of using one of the 
two procedures for determining the effecti ve width to be used for deflection calcula-
tions. 
82.2 Uniformly Compressed Stiffened Elements with Circular Holes 
In cold-formed steel structural members, holes are sometimes provided in webs 
and/or flanges of beams and columns for duct work, piping, and other construction pur-
poses. The presence of such holes may result in a reduction of the strength of individual 
component elements and the overall strength and stiffness of the members depending on 
the size, shape, and arrangement of holes, the geometric configuration of the cross sec-
tion, and the mechanical properties of the material. 
The exact analysis and the design of steel sections having perforations are com-
plex, particularly when the shapes and the arrangement of holes are unusual. The limited 
design provisions included in Section B2.2 of the Specification for uniformly compressed 
stiffened elements with circular holes are based on a study conducted by Ortiz-Colberg 
and Pekoz at Cornell University (Ortiz-Colberg and Pekoz, 1981). For additional in-
formation on the structural behavior of perforated elements, see Yu and Davis (1973a) 
and Yu (1991). 
82.3 Webs and Stiffened Elements with Stress Gradient 
When a beam is subjected to bending moment, the compression portion of the web 
may buckle due to the compressive stress caused by bending. The theoretical critical 
buckling stress for a flat rectangular plate under pure bending can be determined by Equa-
tion C-B2-1, except that the depth-to-thickness ratio, hit, is substituted for the width-
to-thickness ratio, wIt, and the plate buckling coefficient, k, is equal to 23.9 for simple 
supports as listed in Table C-B2-1. 
Prior to 1986, the design of cold-formed steel beam webs was based on the full 
web depth with the allowable bending stress specified in the AISI Specification. In order 
to unify the design methods for web elements and compression flanges, the "effecti ve de-
sign depth" approach was adopted in the 1986 edition of the AISI Specification on the 
basis of the studies made by Pekoz (1986b), Cohen and Pekoz (1987). This is a different 
approach as compared with the past practice of using a full area of the web element in 
conjunction with a reduced stress to account for local buckling and postbuckling strength 
(LaBoube and Yu, 1982b; Yu, 1985). 
83 Effective Widths of Unstiffened Elements 
Similar to stiffened compression elements, the stress in the un stiffened compression 
elements can reach to the yield point of steel if the wIt ratio is small. Because the unstiffened 
element has one longitudinal edge supported by the web and the other edge is free, the limit-
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Table C-B2-1 Values of Plate Buckling Coefficients 
Case Boundary condition 
Type of Value of k for 
stress long plate 
(a) ~s.s.:·.:·.ss·M Compression 4.0 
(b) Compression 6.97 
(c) Compression 0.425 
(d) Compression 1.277 
(e) Compression 5.42 
.L--
(f) 1E:3l s.s·s.s.S'S' Shear 5.34 
---"7 
.L--
(g) Shear 8.98 
---"7 
~ E:3 ~ (h) s.s. s.s. Bending 23.9 s.s. 
( i ) ~ ~ Bending 41.8 
ing width-to-thickness ratio of unstiffened elements is much less than that for stiffened ele-
ments. 
When the wIt ratio of the unstiffened element is large, local buckling (Figure C-B3-1) 
will occur at the elastic critical stress determined by Equation C-B2-1 with a value of 
k=0.43. This buckling coefficient is listed in Table C-B2-1 for case (c). For the intermediate 
range of wIt ratios, the un stiffened element will buckle in the inelastic range. Figure C-B3-2 
shows the relationship between the maximum stress for un stiffened compression elements 
and the wIt ratio, in which Line A is the yield point of steel, Line B represents the inelastic 
buckling stress, Curves C and D illustrate the elastic buckling stress. The equations for 
Curves A, B, C, and D have been developed from previous experimental and analytical in-
vestigations and used for determining the allowable design stresses in the AISI Specification 
up to 1986 (Winter, 1970; Yu, 1991). Also shown in Figure C-B3-2 is Curve E, which repre-
sents the maximum stress on the basis of the postbuckling strength of the un stiffened ele-
ment. The correlation between the test data on un stiffened elements and the predicted maxi-
mum stresses is shown in Figure C-B3-3 (Yu, 1991). 
Prior to 1986, it had been a general practice to design cold-formed steel members with 
un stiffened flanges by using the allowable stress design approach. The effective width equa-
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Figure C-B3-2 Maximum Stress for Unstlffened Compression Elements 
tion was not used in earlier editions of the AISI Specification due to lack of extensive exper-
imental verification and the concern for excessive out-of-plane distortions under service 
loads. 
In the 1970s, the applicability of the effective width concept to unstiffened elements un-
der uniform compression was studied in detail by Kalyanaraman, Pekoz, and Winter at Cor-
nell University (Kalyanaraman, Pekoz, and Winter, 1977; Kalyanaraman and Pekoz, 1978). 
The evaluation of the test data using k=0.43 was presented and summarized by Pekoz in the 
AISI report (Pekoz, 1986b), which indicates that Equation C-B2.1-6 developed for stiffened 
compression elements gives a conservative lower bound to the test results of un stiffened 
compression elements. In addition to the strength detennination, the same study also investi-
gated the out-of-plane deformations in un stiffened elements. The results of theoretical cal-
culations and the test results on the sections having un stiffened elements with w/t=60 were 
presented by Pekoz in the same report. It was found that the maximum amplitude of the out-
of-plane deformation at failure can be twice the thickness as the wIt ratio approaches 60. 
However, the deformations are significantly less under the service loads. Based on the above 
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Figure C-83-3 Correlation between Test Data and Predicted Maximum 
Stress . 
in Section B3 of the 1986 AISI Specification for the design of cold-formed steel members 
having un stiffened compression elements. 
83.1 Uniformly Compressed Unstiffened Elements 
In the present Specification, it is specified that the effective widths, b, of uniformly 
compressed unstiffened elements can be determined in accordance with Section B2.l(a) 
of the Specification with the exception that the buckling coefficient k is taken as 0.43. 
This is a theoretical value for long plates. See case (c) in Table C-B2-1. For deflection 
determination, the effective widths of uniformly compressed un stiffened elements can 
only be determined according to Procedure I of Section B2.1 (b) of the Specification, be-
cause Procedure II was developed only for stiffened compression elements. See Part I of 
the Manual for design examples (AISI, 1996). 
83.2 Unstiffened Elements and Edge Stiffeners with Stress Gradient 
In concentrically loaded compression members and in flexural members where the 
un stiffened compression element is parallel to the neutral axis, the stress distribution is 
uniform prior to local buckling. However, when edge stiffeners of the beam section are 
turned in or out, the compressive stress in the edge stiffener is not uniform but varies in 
proportion to the distance from the neutral axis. 
There is very limited amount of information on the behavior of un stiffened com-
pression elements with a stress gradient. Cornell research on the behavior of edge stiffen-
ers for flexural members has demonstrated that by using Winter's effective width equa-
tion (Equation C-B2.1-4) with a k=0.43, good correlation was achieved between the 
tested and calculated capacity (Pekoz, 1986b). The same trend was also true for deflection 
determination. Therefore, in Section B3.2 of the Specification, the effective widths of un-
stiffened elements and edge stiffeners with stress gradient are treated as uniformly com-
pressed elements with stress f to be the maximum compression stress in the element. 
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84 Effective Widths of Elements with One Intermediate Stiffener or an Edge 
Stiffener 
For cold-formed steel beams such as hat, box or inverted U-type sections (Sections (3), 
(4), and (5) in Figure C-AI.2-2), the compression flange is supported along both longitudi-
nal edges by webs . In this case, if the webs are properly designed, they provide adequate stiff-
ening for the compression elements by preventing their longitudinal edges from out-of-
plane displacements. On the other hand, in many cases only one longitudinal edge is stiffened 
by the web, while the other edge is supported by an edge stiffener. In most cases, the edge 
stiffener takes the form of a simple lip, such as in the channel and I-section as shown in Fig-
ure C-A1.2-2 for Sections (1) and (2). 
The structural efficiency of a stiffened element always exceeds that of an unstiffened 
element with the same wIt ratio by a sizeable margin, except for low wIt ratios, for which the 
compression element is fully effective. When stiffened elements with large wIt ratios are 
used, the materia] is not employed economically inasmuch as an increasing proportion of the 
width of the compression element becomes ineffective. On the other hand, in many applica-
tions of cold-formed steel construction, such as panels and decks, maximum coverage is de-
sired and, therefore, large wIt ratios are called for. In such cases, structural economy can be 
improved by providing intermediate stiffeners between webs. Such intermediate stiffeners 
provide optimum stiffening if they do not participate in the wave-like distortion of the com-
pression element. In that case they break up the wave pattern so that the two strips to each side 
of intermediate stiffener distort independently of each other, each in a pattern similar to that 
shown for a simple, stiffened element in Figure C-B2-1. Compression elements furnished 
with such intermediate stiffeners are designated as "multiple-stiffened elements." 11lustra-
tive examples are given in Part I of the Design Manual (A IS I, 1996). 
As far as the design provisions are concerned, the 1980 and earlier editions of the AISI 
Specification included the requirements for the minimum moment of inertia of stiffeners to 
provide sufficient rigidity. When the size of the actual stiffener does not satisfy the required 
moment of inertia, the load-carrying capacity of the beam had to be determined either on the 
basis of a flat element disregarding the stiffener or through tests. 
In 1986, the AISI Specification included the revised provisions in Section B4 for deter-
mining the effective widths of elements with an edge stiffener or one intennediate stiffener 
on the basis ofPekoz's research findings in regard to stiffeners (Pekoz, 1986b). These design 
provisions were based on both critical local buckling and postbuckJing strength criteria rec-
ognizing the interaction of plate elements. Also, for the first time, the design provisions couJd 
be used for analyzing partially stiffened and adequately stiffened compression elements us-
ing different sizes of stiffeners. 
84.1 Uniformly Compressed Elements with One Intermediate Stiffener 
The buckling behavior of rectangular plates with central stiffeners is discussed by 
Bulson (1969). For the design of cold-fonned steel beams using intermediate stiffeners, 
the 1980 AISI Specification contained provisions for the minimum required moment of 
inertia, which was based on the assumption that an intermediate stiffener needed to be 
twice as rigid as an edge stiffener. Subsequent research conducted by Desmond, Pekoz, 
and Winter (1981 b) has developed expressions for evaluating the required stiffener rigid-
ity based upon the geometry of the contiguous flat elements. 
In view of the fact that for some cases the design requirements for intermediate 
stiffeners included in the 1980 Specification could be unduly conservative (Pekoz, 
1986b), the AISI design provisions were revised in 1986 according to Pekoz' s research 
findings (Pekoz, 1986b and 1986c). In this method, the buckling coefficient for determin-
ing the effective width of sub-elements and the reduced area of the stiffener are to be cal-
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culated by using the ratio IslIa. In the foregoing expression, Is is the actual stiffener mo-
ment of inertia and Ia is the adequate moment of inertia of the stiffener determined from 
the applicable AISI equations. 
84.2 Uniformly Compressed Elements with an Edge Stiffener 
An edge stiffener is used to provide a continuous support along a longitudinal edge 
of the compression flange to improve the buckling stress. Even though in most cases, the 
edge stiffener takes the form of a simple lip, other types of edge stiffeners can also be used 
for cold-formed steel members. 
In order to provide necessary support for the compression element, the edge stiff-
ener must possess sufficient rigidity. Otherwise it may buckle perpendicular to the plane 
of the element to be stiffened. 
Both theoretical and experimental studies on the local stability of compression 
flanges stiffened by edge stiffeners have been carried out in the past. The design require-
ments included in Section B4.2 of the 1986 AISI Specification were based on the inves-
tigations on adequately stiffened and partially stiffened elements conducted by Desmond, 
Pekoz and Winter (1981a), with additional research work of Pekoz and Cohen (Pekoz, 
1986b). These design provisions were developed on the basis of the critical buckling cri-
terion and the postbuckling strength criterion. 
Specification Section B4.2 recognizes that the necessary stiffener rigidity depends 
upon the slenderness (wit) of the plate element being stiffened. Thus, Cases I, II and III 
each contains different definitions for an adequate stiffener moment of inertia. 
The interaction of the plate elements, as well as the degree of edge support, full or 
partial, is compensated for in the expressions for k, ds, and As (Pekoz, 1986b). 
In the 1996 edition of the AISI Specification (AISI, 1996), the design equations for 
buckling coefficient were changed for further clarity. In Case II, the equation for ka = 
5.25-5 (D/w) s 4.0 is applicable only for simple lip stiffeners because the tenn D/w is 
meaningless for other types of edge stiffeners. It should be noted that the provisions in this 
section were based on research dealing only with simple lip stiffeners and extension to 
other types of stiffeners was purely intuitive. The requirement of 1400 2:! e 2:! 40° for the 
applicability of these provisions was also decided on an intuitive basis. For design exam-
ples, see Part I of the Manual (AISI, 1996). 
Test data to verify the accuracy of the simple lip stiffener design was collected from 
a nUlTlber of sources, both university and industry. These tests showed good correlation 
with the equations in Section B4.2. However, proprietary testing conducted in 1989 re-
vealed that lip lengths with a d/t ratio of greater than 14 gave unconservative results. 
A review of the original research data showed a lack of data for simple stiffening 
lips with d/t ratios greater than 14. Therefore, pending further research, an upper limit of 
14 is recommended. 
85 Effective Widths of Edge Stiffened Elements with Intermediate Stiffeners 
or Stiffened Elements with More Than One Intermediate Stiffener 
As discussed in Section B4 of this Commentary, the current AISI design provisions for 
the effective widths of elements with an edge stiffener or one intermediate stiffener were 
based on the results of previous Cornell research. Because there has been no sufficient re-
search to further our understanding of the behavior of multiple stiffened elements, the 1996 
edition of the AISI Specification has retained Equation B5-1 from previous editions of the 
Specification (AISI, 1986; 1991) for evaluating the minimum required rigidity, Imin, of an 
intermediate stiffener for multiple-stiffened elements. If the actual moment of inertia of the 
full intermediate stiffener, Is, does not satisfy the minimum requirement of Equation B5-1, 
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the intermediate stiffener is disregarded for the determination of the effective width of stiff-
ened elements. The problem involved in the determination of the load~arrying capacities of 
members having such inadequately stiffened compression elements is complex because the 
buckling wave tends to spread across the intermediate stiffener rather than being limited to 
individual waves occurring on both sides of the stiffener. Once such a spreading wave occurs, 
the stiffened compression element is hardly better than an element without intermediate stiff-
eners. For this reason, the sectional properties of members having inadequately stiffened 
compression flanges are determined on the basis of flat elements disregarding the intermedi-
ate stiffeners. The same is true for edge stiffened elements with intermediate stiffeners. 
In addition, Specification Section B5(a) stipulates that if the spacing of intermediate 
stiffeners between two webs is such that for the sub-element between stiffeners b<w, only 
two intermediate stiffeners adjacent to web elements shall be counted as effective. Addition-
al stiffeners would have two or more sub-elements between themselves and the nearest 
shear-transmitting element (i.e., web) and hence, could be ineffective. Specification Section 
BS(b) applies the same reasoning to intermediate stiffeners between a web and an edge stiff-
ener. 
If intermediate stiffeners are spaced so closely that the sub--elements are fully effective, 
i.e., b=w, no plate buckling of the sub-elements will occur. Therefore, the entire assembly of 
sub-elements and intermediate stiffeners between webs behaves like a single compression 
element whose rigidity is given by the moment of inertia, Isf, of the full area of the multiple-
stiffened element, including stiffeners. Although the effective width calculations are based 
upon an equivalent element having width, bo, and thickness, ts, the actual thickness must be 
used when calculating section modulus. 
With regard to the effective design width, results of tests of cold-formed steel sections 
having intermediate stiffeners showed that the effective design width of a sub-element of the 
multiple-stiffened compression elements is less than that of a single-stiffened element with 
the same wIt ratio. This is true particularly if the wIt ratio of the sub--element exceeds about 
60. 
This phenomenon is due to the fact that, in beam sections, the normal stresses in the 
flanges result from shear stresses between web and flange. The web generates the norma] 
stresses by means of the shear stress which transfers to the flange. The more remote portions 
of the flange obtain their normal stress through shear from those close to the web. For this 
reason there is a difference between webs and intermediate stiffeners. The latter is not a 
shear-resisting element and does not generate normal stresses through shear. Any normal 
stress in the intermediate stiffener must be transferred to it from the web or webs through the 
flange portions. As long as the sub-element between web and stiffener is flat or is only very 
slightly buckled, this stress transfer proceeds in an unaffected manner. In this case the stress 
in the stiffener equals that at the web, and the sub-element is as effective as a regular single-
stiffened element with the same wit ratio. However, for sub-elements having larger wit ra-
tios, the slight buckling waves of the sub-element interfere with complete shear transfer and 
create a "shear lag" problem which results in a stress distribution as shown in Figure 
C-BS-l. 
For multiple-stiffened compression elements or wide stiffened elements with edge 
stiffeners, the effective widths of sub-elements and the effective areas of stiffeners are deter-
mined by Equations BS-3 through BS-6 of Section BS of the Specification. 
86 Stiffeners 
86.1 Transverse Stiffeners 
Design requirements for attached transverse stiffeners and for shear stiffeners 
were added in the 1980 AISI Specification and were unchanged in the 1986 Specification. 
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Figure C-8S-1 Stress Distribution in Compression Flange 
with Intermediate Stiffeners 
The same design equations are retained in the 1996 AISI Specification. The nominal 
strength equation given in Item (a) of Section B6.1 serves to prevent end crushing of the 
transverse stiffeners, while the nominal strength equation given in Item (b) is to prevent 
column-type buckling of the web-stiffeners. The equations for computing the effective 
areas (Ab and Ad and the effective widths (bI and b2) were adopted from Nguyen and Yu 
(1978a) with minor modifications. 
The available experimental data on cold-formed steel transverse stiffeners were 
evaluated by Hsiao, Yu and Galambos (1988a). A total of 61 tests were examined. The 
resistance factor of 0.85 used for the LRFD method was selected on the basis of the statis-
tical data. The corresponding safety indices vary from 3.32 to 3.41. 
86.2 Shear Stiffeners 
The requirements for shear stiffeners included in Specification Section B6.2 were 
primarily adopted from the AISC Specification (1978). The equations for determining the 
minimum required moment of inertia (Equation B6.2-1 ) and the minimum required gross 
area (Equation B6.2-2) of attached intermediate stiffeners are based on the studies sum-
marized by Nguyen and Yu (1978a). In Equation B6.2-1, the minimum value of (h/50)4 
was selected from the AISC Specification (AISC, 1978). 
For the LRFD method, the available experimental data on the shear strength of 
beam webs with shear stiffeners were calibrated by Hsiao, Yu and Galambos (1988a). The 
statistical data used for determining the resistance factor were summarized in the AISI 
Design Manual (AISI, 1990. Based on these data, the safety index was found to be 4.10 
for <t> = 0.90. 
86.3 Non-Conforming Stiffeners 
Tests on rolled-in transverse stiffeners covered in Specification Section B6.3 were 
not conducted in the experimental program reported by Nguyen and Yu (1978). Lacking 
reliable information, the design strength of members and the allowable loads should be 
determined by special tests. 
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C.MEMBERS 
This Chapter provides the design requirements for (a) tension members, (b) flexural 
members, (c) concentrically loaded compression members, (d) combined axial load and 
bending, and (e) cylindrical tubular members. To simplify the use of the Specification, all 
design provisions for a given specific member type have been assembled in a particular sec-
tion within the Specification. In general, a common nominal strength equation is provided in 
the Specification for a given limit state with a required safety factor (n) for allowable stress 
design (ASD) and a resistance factor (<I» for load and resistance factor design (LRFD). 
C1 Properties of Sections 
The geometric properties of a member (i.e., area, moment of inertia, section modulus, 
radius of gyration, etc.) are evaluated using conventional methods of structural design. These 
properties are based upon either full cross-section dimensions, effective widths or net sec-
tion, as applicable. 
For the design of tension members, the net section is employed when computing the 
nominal tensile strength of the axially loaded tension members. 
For flexural members and axially loaded compression members, both ful1 and effective 
dimensions are used to compute sectional properties. The full dimensions are used when cal-
culating the critical load or moment, while the effective dimensions, evaluated at the stress 
corresponding to the critical load or moment, are used to calculate the nominal strength. For 
deflection calculation, the effective dimension should be determined for the compressive 
stress in the element corresponding to the service load. Pekoz (1986a and 1986b) discussed 
this concept in more detail. 
Section 3 of Part I of the Design Manual (AISI, 1996) deals with the calculation of sec-
tional properties for channels, Z-sections, angles, hat sections, and decks. 
C2 Tension Members 
There is very limited amount of data regarding the capacity of cold-formed steel tension 
members. Because the provisions of the previous editions of the AISI Specification have 
been field tested with no known deficiency, they have been carried forward to the 1996 Speci-
fication. 
As described in Specification Section C2, the nominal tensile strength ofaxialJy loaded 
cold-fonned steel tension members is detennined by the net area of the cross-section and the 
yield stress of steel. When bolted connections are used, the nominal tensile strength is also 
limited by the capacity specified in Specification Section E3.2 for tension in connected parts. 
Recently, experimental investigations were performed at the University of Missouri-Rol1a 
to study the behavior of staggered holes and the effect of shear lag on the tensile strength of 
cold-fonned steel members (Carril, LaBoube and Yu, 1994; Holcomb, LaBoube and Yu, 
1995). It is expected that the research findings will be used for future revisions of the AISI 
Specification. 
For the LRFD method, the resistance factor of <f>t = 0.95 used for tension member design 
was derived from the procedure described in Section A6.1 of this Commentary and a selected 
~o value of 2.5. In the determination of the resistance factor, the following equations were 
used for Rm and Rn: 
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in which An is the net area of the cross section, (Fy)m is equal to 1.1 OFy as discussed in Section 
A 7 of the Commentary. By using YM =0.10, YF=0.05 and Yp=O, the coefficient of variation 
YR is: 
Y - jy2 + y2 + y2 = 0 11 R - M F P . 
Based on Y Q = 0.21 and the resistance factor of 0.95, the value of~ is 2.4, which is close 
to the stated target value of ~o = 2.5. 
C3 Flexural Members 
For the design of cold-formed steel flexural members, consideration should be given to 
several design features: (a) bending strength and deflection, (b) shear strength of webs and 
combined bending and shear, (c) web crippling strength and combined bending and web crip-
pling, and (d) bracing requirements. For some cases, special consideration should also be 
gi ven to shear lag and flange curling due to the use of thin material. The design provisions for 
Items (a), (b) and (c) are provided in Specification Section C3, while the requirements for 
lateral bracing are given in Specification Section D3. The treatments for flange curling and 
shear lag were discussed in Section B 1.1 (b) and (c) of the Commentary, respectively. 
Example problems are given in Part II of the Manual (AISI, 1996) for the design of flex-
ural members. 
C3.1 Strength for Bending Only 
Bending strengths of flexural members are differentiated according to whether or not 
the member is laterally braced. If such members are laterally supported, then they are propor-
tioned according to the nominal section strength (Specification Section C3.1.1). If they are 
laterally unbraced, then the limit state is lateral-torsional buckling (Specification Section 
C3.1.2). For C- or Z-sections with the tension flange attached to deck or sheathing and with 
compression flange laterally unbraced, the bending capacity is less than that of a fully braced 
member but greater than that of an unbraced member (Specification Section C3.1.3). Simi-
larly, for C- or Z-sections supporting a standing seam roof system under gravity loads, the 
bending capacity is greater than that of an unbraced member and may be equal to that of a 
fully braced member (Specification Section C3.1.4). The governing nominal bending 
strength is the smallest of the values determined from the applicable conditions. 
C3.1.1 Nominal Section Strength 
Specification Section C3.1.1 includes two design procedures for calculating the 
nominal section strength of flexural members. Procedure I is based on Initiation of 
Yielding and Procedure II is based on Inelastic Reserve Capacity. 
(a) Procedure I - Based on Initiation of Yielding 
In Procedure I, the nominal moment, Mn, of the cross section is the effective yield 
moment, My, determined on the basis of the effective areas of flanges and the 
beam web. The effective width of the compression flange and the effective depth 
of the web can be computed from the design equations given in Chapter B of the 
Specification. 
Similar to the design of hot-rolled steel shapes, the yield moment My of a cold-
fonned steel beam is defined as the moment at which an outer fiber (tension, 
compression, or both) first attains the yield point of the steel. This is the maxi-
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mum bending capacity to be used in elastic design. Figure C-C3.1.1-1 shows 
several types of stress distributions for yield moment based on different locations 
of the neutral axis. For balanced sections (FigureC-C3.1.1-1 (a)) the outer fibers 
in the compression and tension flanges reach the yield point at the same time. 
However, if the neutral axis is eccentrically located, as shown in Figures 
C-C3 .1.1-1 (b) and (c), the initial yielding takes place in the tension flange for 
case (b) and in the compression flange for case (c). 
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Figure C-C3.1.1-1 Stress Distribution for Yield Moment 
(a) Balanced Sections, (b) Neutral Axis Close to Compression Flange, 
(c) Neutral Axis Close to Tension Flange 
Accordingly, the nominal section strength for initiation of yielding is calculated 
by using Equation C-C3.1.1-1: 
Mn = Se Fy 
where 
Fy = design yield stress . ' 
Se = elastic section modulus of the effective section calculated wIth the 
extreme compression or tension fiber at Fy. 
For cold-formed steel design, Se is usually computed by using one of the follow-
ing two cases: 
1. If the neutral axis is closer to the tension than to the compression flange, the 
maximum stress occurs in the compression flange, and therefore the plate 
slenderness ratio A and the effecti ve width of the compression flange are de-
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termined by the wit ratio and f = Fy. Of course, this procedure is also applica-
ble to those beams for which the neutral axis is located at the mid--<lepth of 
the section. 
2. If the neutral axis is closer to the compression than to the tension flange, the 
maximum stress of Fy occurs in the tension flange. The stress in the com-
pression flange depends on the location of the neutral axis, which is deter-
mined by the effective area of the section. The latter cannot be determined 
unless the compressive stress is known. The closed-form solution of this 
type of design is possible but would be a very tedious and complex proce-
dure. It is therefore customary to determine the sectional properties of the 
section by successive approximation. 
For determining the design flexural strength, q,.,Mo, by using the LRFD ap-
proach, slightly different resistance factors are used for the sections with stiff-
ened or partially stiffened compression flanges and the sections with un stiffened 
compression flanges. These <Pb values were derived from the test results and a 
dead-to-live load ratio of 115. They provide the ~ values from 2.53 to 4.05 (AISI, 
1991; Hsiao, Yu and Galambos, 1988a). 
(b) Procedure II - Based on Inelastic Reserve Capacity 
Prior to 1980, the inelastic reserve capacity of beams was not included in the AISI 
Specification because most cold-formed steel shapes have large width-to--thick-
ness ratios which are considerably in excess of the limits required by plastic de-
sign. 
In the 1970s and early 1980s, research work on the inelastic strength of cold-
formed steel beams was carried out by Reck, Pekoz, Winter, and Yener at Cornell 
University (Reck, Pekoz and Winter, 1975; Yener and Pekoz, 1985a, 1985b). 
These studies showed that the inelastic reserve strength of cold-formed steel 
beams due to partial plastification of the cross section and the moment redistribu-
tion of statically indeterminate beams can be significant for certain practical 
shapes. With proper care, this reserve strength can be utilized to achieve more 
economical design of such members. 
In order to utilize the available inelastic reserve strength of certain cold-fonned 
steel beams, design provisions based on the partial plastification of the cross sec-
tion were added in the 1980 edition of the AISI Specification. The same provi-
sions are retained in the 1996 edition of the Specification. According to Proce-
dure II of Section C3 .1.1 (b) of the Specification, the nominal section strength, 
Mo, of those beams satisfying certain specific limitations can be determined on 
the basis of the inelastic reserve capacity with a limit of 1.25My, where My is the 
effective yield moment. The ratio of MolMy represents the inelastic reserve 
strength of a beam cross section. 
The nominal moment Mn is the maximum bending capacity of the beam by con-
sidering the inelastic reserve strength through partial plastification of the cross 
section. The inelastic stress distribution in the cross section depends on the maxi-
mum strain in the compression flange, feu. Based on the Cornell research work 
on hat sections having stiffened compression flanges (Reck, Pekoz and Winter, 
1975), the AISI design provision limits the maximum compression strain to be 
Cyfy, where Cy is a compression strain factor determined by using the equations 
provided in Specification Section C3.1.1(b) as shown in Figure C-C3.1.1-2. 

















Figure C-C3.1.1-2 Factor Cy for Stiffened Compression Elements without 
Intermediate Stiffeners 
On the basis of the maximum compression strain Ecu allowed in the Specification, 
the neutral axis can be located by using Equation C-C3.1.1-2 and the nominal 
moment Mn can be determined by using Equation C-C3 .1.1-3: 
J adA =0 
f aydA =Mn 
where a is the stress in the cross section. 
The calculation ofMn based on inelastic reserve capacity is illustrated in Part I of 
the Design Manual (AISI, 1996) and the textbook by Yu (1991). 
C3.1.2 Lateral Buckling Strength 
The bending capacity of flexural members is not only governed by the section 
strength of the cross section, but is also limited by the lateral buckling strength of the 
member if braces are not adequately provided. The design provisions for determining 
the nominal lateral buckling strength are given in Specification Section C3.1.2. 
If an equal-flanged I-beam is laterally unbraced, it may fail in lateral-torsional 
buckling. In the elastic range, the critical lateral buckling moment can be determined 
by Equation C-C3.1.2-1. 
(C-C3.1.1-2) 
(C-C3.1.1-3) 
Mer = ~ EIyGJ( I + 1t~~~2w) (C--C3.1.2-1 1 
In the above equation, E is the modulus of elasticity, G is the shear modulus, Iy is 
the moment of inertia about y-axis, Cw is the warping constant of torsion, J is S1. Ve-
nant torsion constant, ant L is the unbraced length. 
Consequently, the following equation can be used to calculate the elastic critical 
buckling stress (Winter, 1947a; Yu, 1991): 
U:J + (2(1 ~y IllIi)(,!;J (C-C3.1.2-2) 
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In Equation C-C3.1.2-2, the first term under the square root represents the 
strength due to lateral bending rigidity of the beam, and the second term represents the 
St. Venant torsional rigidity. For thin-walled cold-formed steel sections, the first term 
usually exceeds the second term considerably. 
For I-beams with unequal flanges, the following equation has been derived by 
Winter for the lateral buckling stress (Winter, 1943): 
Ocr = jt22Ed [Iyc - Iyt + ly 1 + 4G1L2] (C-C3.1.2-3) 2L Sxc jt2lyEd2 
where Sxe is the section modulus relative to the compression fiber, and lye and lyt are 
the moments of inertia of the compression and tension portions of the full section, re-
spectively, about the centroidal axis parallel to the web. Other symbols were defined 
previously. For equal-flange sections, lye = Iyt = Iy/2, Equations C-C3.1.2-2 and 
C-C3.1.2-3 are identical. 
As previously discussed, in Equation C-C3.1.2-3, the second term under the 
square root represents the St. Venant torsional rigidity, which can be neglected without 
much loss in economy. Therefore Equations C-C3.1.2-3 can be simplified as shown 





Equation C-C3 .1.2-4 was derived on the basis of a uniform bending moment and 
is conservative for other cases. For this reason 0er may be modified by multiplying the 
right-hand side by a bending coefficient Cb, i.e., 
Cbjt2E 
Ocr = L2S xc/dIyc 
where Cb is the bending coefficient, which can conservatively be taken as unity, or 
calculated from 
Cb = l.75 + l.05 (MIIM2) + 0.3 (MIIM2)2 :5 2.3 
in which M 1 is the smaller and M2 the larger bending moment at the ends of the un-
braced length. 
The above equation was used in the 1968, 1980, 1986, and 1991 editions of the 
AISI Specification. Because it is valid only for straight line moment diagrams, Equa-
tion C-C3.1.2-6 is replaced by the following equation forCb in the 1996 edition of the 
Specification: 
C - 12.5Mmax b - 2.5Mmax + 3MA + 4MB + 3Mc 
where 
Mmax = absolute value of maximum moment in the unbraced segment 
MA = absolute value of moment at quarter point of unbraced segment 
MB = absolute value of moment at centerline of unbraced segment 
Me = absolute value of moment at three-quarter point of unbraced segment 
Equation C-C3.1.2-7, derived from Kirby and Nethercot (1979), can be used for 
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rat~ soluti~ns ~or fixed-end beams and moment diagrams which are not straight lines. 
ThIS equatIon IS the same as that being used in the AISC LRFD Specification (AISC 
1993). ' 
Figure C-C3.1.2-1 shows the differences between Equations C-C3.1.2-6 and 












Figure C-C3.1.2-1 Cb for Straight Line Moment Diagram 
Based on the elastic critical buckling stress given by Equation C-C3.1.2-S, the 
simplified elastic critical moment for lateral buckling of I-beams can be detennined 
from Equation C-C3.1.2-8 (i.e., Specification Equation C3.1.2-15): 
C b3t2Edlyc (Mcr)e = L2 
It should be noted that Equation C-C3.1.2-5 applies only to elastic buckling of 
cold-formed steel beams when the computed theoretical buckling stress is less than or 
equal to the proportional limit apr. When the computed stress exceeds the proportional 
limit, the beam behavior will be governed by inelastic buckling. The inelastic buck-
ling stress can be computed from Equation C-C3.1.2-9 (Yu, 1991): 
_ 10 ( _ 10 [FlL2Sxc/dlyc)]) 
(ocr). - 9 Fy 1 36 C
b
3t2E 
Consequently, Equation C-C3. 1.2-1 0 (Specification Equation C3.1.2-3) can be 
used to determine the inelastic critical moment for lateral buckling of I-beams: 
10 [ 10 My ] < (Mcr)} = 9" My 1 - 36 (Mcr)e - My 
The elastic and inelastic critical moments for lateral buckling strength are shown in 
Figure C-C3.1.2-2 (Yu, 1991). 
For cold-fonned steel design, Equations C-C3.1.2-5 and C-C3.1.2-9 were used 
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Figure C-C3.1.2-2 Elastic and Inelastic Critical Moments for Lateral Buckling 
Strength 
stress design equations for lateral buckling of I-beams. In the 1986 edition of the AISI 
Specification, in addition to the use of Equations C-C3.1.2-8 and C-C3.1. 2-10 for 
determining the critical moments, more design equations (Specification Equations 
C3.1.2-6 and C3.1.2-7) for elastic critical moment were added as alternative meth-
ods. These additional equations were developed from the previous studies conducted 
by Pekoz, Winter and Celebi on torsional-flexural buckling of thin-walled sections 
under eccentric loads (Pekoz and Winter, 1969a; Pekoz and Celebi, 1969b) and are 
retained in the 1996 edition of the Specification. These general design equations can 
be used for singly-, doubly- and point-symmetric sections. It should be noted that 
point-symmetric sections such as Z-sections with equal flanges will buckle laterally 
at lower strengths than doubly- and singly-symmetric sections. A conservative de-
sign approach has been and is being used in the Specification, in which the elastic criti-
cal moment is taken to be one-half of that for I-beams. 
As far as the inelastic critical moment is concerned, the following equation was 
used in Section C3 .1.2(a) of the 1986 edition of the Specification instead of Equation 
C-C3.1.2-10 for singly-, doubly-, and point-symmetric sections: 
(Mer)! = My[ 1 - 4(~:r)e] 
in which (Mcr)e is the elastic critical moment. In 1996, the basic inelastic lateral buck-
ling curve for singly-, doubly-, and point-symmetric sections in Specification Sec-
tion C3.1.2(a) has been redefined to be consistent with the inelastic lateral buckling 
curve for 1- or Z-sections in Specification Section C3 .1.2(b). The general shape of the 
curve as represented by Equation C-C3 .1.2-1 0 is also consistent with the preceding 
edition of the Specification (AISI, 1980). 
As specified in Specification Section C3 .1.2, buckling is considered to be elastic 
up to a moment equal to O.56My. The inelastic region is defined by a Johnson parabola 
from O.56My to (1 0/9)My at an unsupported length of zero. The (10/9) factor is based 
on the partial plastification of the section in bending (Galambos, 1963). A flat plateau 
is created by limiting the maximum moment to My which enables the calculation of 
the maximum unsupported length for which there is no moment reduction due to later-
(C-C3.1.2-11 ) 
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al instability. This maximum unsupported length can be calculated by setting M equal 
to the Johnson parabola. Y 
. This 1iberali~ation .of the inelastic lateral buckling curve for singly-, doubly-, and 
pomt-symmetnc sectIOns has been confirmed by research in beam-columns (Pekoz 
and Sumer, 1992) and wall studs (Kian and Pekoz, 1994). 
The above discussion dealt only with the lateral buckling strength of locally stable 
b.eams. For locally unstable beams, the interaction of the local buckling of compres-
SIon elements and the overall lateral buckling of beams may result in a reduction of the 
lateral buckling strength of the member. The effect of local buckling on critical mo-
ment is considered in Section C3.1.2 of the AISI Specification, in which the nominal 
lateral buckling strength is determined as follows: 
where 
Me = elastic or inelastic critical moment whichever is applicable 
Se = elastic section modulus of the effective section calculated ata stress MclSfin 
the extreme compression fiber 
Sf = elastic section modulus of the full unreduced section for the extreme com-
pression fiber 
In Equation C-C3 .1.2-12, the ratio of ScIS[ represents the effect of local buckling 
on lateral buckling strength of beams. 
U sing the above nominal lateral buckling strength with a resistance factor of ct>b = 
0.90, the values of ~ vary from 2.4 to 3.8 for the LRFD method. 
Recent research conducted by Ellifritt, Sputo and Haynes (1992) has indicated that 
when the unbraced length is defined as the spacing between intermediate braces, the 
equations used in Specification Section C3.1.2 may be conservative for cases where 
one mid-span brace is used, but may be unconservative where more than one inter-
mediate brace is used. 
The above mentioned research (Ellifritt, Sputa, and Haynes, 1992) and the recent 
study of Kavanagh and Ellifritt (1993 and 1994) have shown that a discretely braced 
beam, not attached to deck and sheathing, may fail either by lateral-torsional buckling 
between braces, or by distortional buckling at or near the braced point. The distortion-
al buckling strength of C- and Z-sections has recently been studied extensively at the 
University of Sydney by Lau and Hancock (1987); Hancock, Kwon and Bernard 
(1994); and Hancock (1995). 
The problems discussed above dealt with the type of lateral buckling of I-beams, 
channels, and Z-shaped sections for which the entire cross section rotates and detlects 
in the lateral direction as a unit. But this is not the case for V-shaped beams and the 
combined sheet-stiffener sections as shown in Figure C-C3.1.2-3. For this case, 
when the section is loaded in such a manner that the brims and the flanges of stiffeners 
are in compression, the tension flange of the beams remains straight and does not dis-
place laterally; only the compression flange tends to buckle separately in the lateral 
direction, accompanied by out-of-plane bending of the web, as shown in Figure 
C-C3.1.2-4, unless adequate bracing is provided. 
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Figure C-C3.1.2-4 Lateral Buckling of U-Shaped Beam 
The precise analysis of the lateral buckling of U-shaped beams is rather complex. 
The compression flange and the compression portion of the web act not only like a 
column on an elastic foundation, but the problem is also complicated by the weaken-
ing influence of the torsional action of the flange. For this reason, the design procedure 
outlined in Section 2 of Part VII (Supplementary Information) of the AISI Design 
Manual (AISI, 1996) for determining the allowable design strength for laterally un-
braced compression flanges is based on the considerable simplification of an analysis 
presented by Douty (1962). 
In 1964, Haussler presented rigorous methods for detennining the strength of elas-
tically stabilized beams (Haussler, 1964). In his methods, Haussler also treated the un-
braced compression flange as a column on an elastic foundation and maintained more 
rigor in his development. 
A comparison of Haussler's method with Douty'S simplified method indicates that 
the latter may provide a smaller critical stress. 
An additional study of laterally unbraced compression flanges has recently been 
made at Cornell University (Serrette and Pekoz, 1992, 1994 and 1995). An analytical 
procedure has been developed for determining the distortional buckling strength of 
the standing seam roof panel. The predicted maximum capacities have been compared 
with experimental results. 
C3.1.3 Beams Having One Flange Through-Fastened to Deck or Sheath-
ing 
For beams having the tension flange attached to deck or sheathing and the com-
pression flange unbraced, e.g., a roof purlin or wall girt subjected to wind suction, the 
bending capacity is less than a fully braced member, but greater than an unbraced 
member. This partial restraint is a function of the rotational stiffness provided by the 
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panel-to-purlin connection. The Specification contains factors that represent the re-
duction in capacity from a fully braced condition. These factors are based on exper-
imental results obtained for both simple and continuous span purlins (Pekoz and So-
roushian, 1981 and 1982; LaBoube, 1986; Haussler and Pahers, 1973; LaBoube, et a1., 
1988; Haussler, 1988). 
As indicated by LaBoube (1986), the rotational stiffness of the panel-to-purlin 
connection is primarily a function of the member thickness, sheet thickness, fastener 
type and fastener location. For compressed glass fiber blanket insulation of initial 
thicknesses of zero to six inches (152 mm), the rotational stiffness was not measurably 
affected (LaBoube, 1986). To ensure adequate rotational stiffness of the roof and walJ 
systems designed using the AISI provisions, Specification Section C3.1.3 explicitly 
states the acceptable panel and fastener types. 
Continuous beam tests were made on three equal spans and the R values were cal-
culated from the failure loads using a maximum positive moment, M = 0.08 wL2. 
The provisions of Specification Section C3.I.3 apply to beams for which the ten-
sion flange is attached to deck or sheathing and the compression flange is completely 
unbraced. Beams with discrete point braces on the compression flange may have a 
bending capacity greater than those completely unbraced. Available data from simple 
span tests (Pekoz and Soroushian, 1981 and 1982; LaBoube and Thompson, 1982a; 
LaBoube, et aI., 1988; LaBoube and Golovin, 1990) indicate that for members having 
a lip edge stiffener at an angle of75 degrees or greater with the plane of the compres-
sion flange and braces to the compression flange located at third points or more fre-
quently, member capacities may be increased over those without discrete braces. 
For the LRFD method, the use of the reduced nominal flexural strength (Specifica-
tion Equation C3.1.3-1) with a resistance factor of <Pb = 0.90 provides the ~ values 
varying from 1.5 to 1.60 which are satisfactory for the target value of 1.5. This analysis 
was based on the load combination of 1.17 W - O.9D using a reduction factor of 0.9 
applied to the load factor for the nominal wind load, where W and D are nominal wind 
and dead loads, respectively (Hsiao, Yu and GalaJTlbos, 1988a; AISI, 1991). 
C3.1.4 Beams Having One Flange Fastened to a Standing Seam Roof 
System 
For beams supporting a standing seam roof system under gravity load, e.g. a roof 
purlin subjected to dead plus Ii ve load, the bending capacity is greater than the bending 
strength of an unbraced member and may be equal to the bending strength of a funy 
braced member. The bending strength is governed by the nature of the loading, gravity 
or uplift, and the nature of the particular standing seam roof system. Due to the avail-
ability of many different types of standing seam roof systems, an analytical method for 
determining positive and negative bending capacities has not been developed at the 
present time (1996). However, in order to resolve this issue relative to the gravity 
loading condition, Section C3.1.4 was added in the 1996 edition of the Specification 
for determining the nominal flexural strength of beams having one flange fastened to 
a standing seam roof system. In Specification Equation C3.1.4-1, the reduction fac-
tor, R, can be determined by the test procedures, which were established in 1996 and 
are included in Part YIn of the Design Manual (AISI, 1996). Application of the base 
test method for uplift loading is currently being evaluated. 
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C3.2 Strength for Shear Only 
The shear strength of beam webs is governed by either yielding or buckling, de-
pending on the hit ratio and the mechanical properties of steel. For beam webs having 
small hit ratios, the nominal shear strength is governed by shear yielding, i.e., 
Vo = Awty = AwFy/ fj = 0.60Fyht (C-C3.2-l) 
in which Aw is the area of the beam web computed by (ht), and 'ty is the yield point of steel 
in shear, which can be computed by Fyi fj . 
For beam webs having large hit ratios, the nominal shear strength is governed by 
elastic shear buckling, i.e., 
ky3t2EAw (C-C3.2-2) 
Vo = Awtcr = 12(1 _ ~2)(h/t)2 
in which 'tee is the critical shear buckling stress in the elastic range, ky is the shear buckling 
coefficient, E is the modulus of elasticity, ~ is the Poisson's ratio, h is the web depth, and t 
is the web thickness. By using ~ = 0.3, the shear strength, V n, can be determined as fol-
lows: 
V 0 = 0.905Ekyt3/h (C-C3.2-3) 
For beam webs having moderate hit ratios, the nominal shear strength is based on 
inelastic shear buckling, i.e., 
V 0 = 0.64t2 JkvFyE (C-C3.2-4) 
The Specification provisions are applicable for the design of webs of beams and 
decks either with or without transverse web stiffeners. 
The nominal strength equations of Section C3.2 of the 1996 Specification are simi-
lar to the nominal shear strength equations given in the AISI LRFD Specification (AISI, 
1991). The acceptance of these nominal strength equations for cold-formed steel sections 
has been considered in the study summarized by LaBoube and Yu (1978a). 
Previous editions of the ASD Specification (AISI, 1986) employed three different 
factors of safety when evaluating the allowable shear strength of an unreinforced web be-
cause it was intended to use the same allowable values for the AISI and AISC specifica-
tions(i.e., 1.44 for yielding, 1.67 for inelastic buckling, and 1.71 for elastic buckling). To 
simplify the design of shear elements for allowable stress design, the factor of safety for 
both elastic and inelastic buckling is now taken as 1.67 in the 1996 Specification. At the 
same time, the factor of safety of 1.50 (instead of 1.44) is used for yielding to eliminate the 
discontinuity between shear yielding and inelastic buckling. The use of a smaller safety 
factor of 1.50 for shear yielding is justified by long-standing use and by the minor conse-
quences of incipient yielding in shear as compared with those associated with yielding in 
tension and compression. 
For the LRFD approach, because the appropriate test data on shear were not avail-
able, the <Pv factors used in Section C3.2 were derived from the condition that the nominal 
resistances for the LRFD method and the ASD method are the same (Hsiao, Yu and Ga-
lambos, 1988a~ AISI, 1991). 
C3.3 Strength for Combined Bending and Shear 
For cantilever beams and continuous beams, high bending stresses often combine 
with high shear stresses at the supports. Such beam webs must be safeguarded against 
buckling due to the combination of bending and shear stresses. 
For disjointed flat rectangular plates, the critical combination of bending and shear 
stresses can be approximated by the following interaction equation (Bleich, 1952): 
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( 
f )2 2 f:' + (-&:J = 1.0 
where fb is the actual compressive bending stress, fer is the theoretical buckling stress in 
pure bending, 't is the actual shear stress and 'ter is the theoretical buckling stress in pure 
shear. The above equation was found to be conservative for beam webs with adequate 
transverse stiffeners, for which a diagonal tension field action can be developed. Based on 
the studies made by LaBoube and Yu (1978b), Equation C-C3.3-2 was developed for 
beam webs with transverse stiffeners satisfying the requirements of Section B6. 
fb 't 0.6fb + 'tmax = 1.3 max 
The above equation was added to the Specification in 1980. The correlations be-
tween Equation C-C3.3-2 and the test results of beam webs having a diagonal tension 
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Figure C-C3.3-1 Interaction Diagram for 'tltmax and ft/fbmax 
C3.3.1 ASD Method 
Since 1986, the AISI ASD Specification uses strength ratios (i.e., moment ratio for 
bending and force ratio for shear) instead of stress ratios for the interaction equations. 
Specification Equations C3.3.l-1 and C3.3.l-2 are based on Equations C-C3.3-1 
and C-C3.3-2, respectively, by using the allowable moment, MnxJQb, and the allow-
able shear force, V n/Qv. 
C3.3.2 LRFD Method 
For load and resistance factor design, the interaction equations for cOITlbined bend-
ing and shear are also based on Equations C-C3.3-1 and C-C3.3-2 as given in Speci-
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C3.4 Web Crippling Strength 
For cold-formed steel beams, transverse and shear stiffeners are not frequently 
used. The webs of beams may cripple due to the high local intensity of the load or reaction. 
Figure C-C3.4-1 shows the types of failure caused by web crippling of unreinforced 
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Figure C-C3.4-1 Web Crippling of Cold-Formed Steel Beams 
In the past, the buckling problem of separate flat rectangular plates and web crip-
pling behavior of cold-formed steel beam webs under locally distributed edge forces 
have been studied by numerous investigators (Yu, 1991). It has been found that the 
theoretical analysis of web crippling for cold-formed steel flexural members is rather 
complicated because it involves the following factors: (1) nonuniform stress distribution 
under the applied load and adjacent portions of the web, (2) elastic and inelastic stability 
of the web element, (3) local yielding in the immediate region of load application, (4) 
bending produced by eccentric load (or reaction) when it is applied on the bearing flange 
at a distance beyond the curved transition of the web, (5) initial out-of-plane imperfec-
tion of plate elements, (6) various edge restraints provided by beam flanges and interac-
tion between flange and web elements, and (7) inclined webs for decks and panels. 
For these reasons, the present AISI design provisions for web crippling are based 
on the extensive experimental investigations conducted at Cornell University by Winter 
and Pian (1946), and by Zetlin (1955a) in the 1940s and 1950s, and at the University of 
Missouri-Rolla by Hetrakul and Yu (1978). In these experimental investigations, the web 
crippling tests have been carried out under the following four loading conditions for 
beams having single unreinforced webs and I-beams: 
1. End one-flange (EOF) loading 
2. Interior one-flange (lOF) loading 
3. End two-flange (ETF) loading 
4. Interior two-flange (rTF) loading 
All loading conditions are illustrated in Figure C-C3.4-2. In Figures (a) and (b), 
the distances between bearing plates were kept to no less than 1.5 times the web depth in 
order to avoid the two-flange loading action. 
Section C3.4 of the Specification provides design equations to determine the web 
crippling strength of flexural members having flat single webs (channels, Z-sections, hat 
sections, tubular members, roof deck, floor deck, etc.) and I-beams (made of two chan-
nels connected back to back, by welding two angles to a channel, or by connecting three 
channels). Different design equations are used for various loading conditions. As shown 
in Figure C-C3.4-3, Specification Equations C3.4-1, C3.4-2, and C3.4-3 are used for 
end one-flange loading; Equations C3.4-4 and C3.4-5 for interior one-flange loading; 
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Figure C-C3.4-2 Loading Conditions for Web Crippling Tests 
(a) EOF Loading, (b) IOF Loading, (c) ETF Loading, (d) ITF Loading 
Equations C304-6 and C304-7 for end two-flange loading; and Equations C304-8 and 
C304-9 for interior two-flange loading. These design equations are based on experimen-
tal evidence (Winter, 1970; Hetrakul and Yu, 1978) and the assumed distributions ofloads 
or reactions into the web as shown in Figure C-C304-4. 
The assumed distributions of loads or reactions into the web as shown in Figure 
C-C3.4-4, are independent of the flexural response of the beam. Due to flexure, the point 
of bearing will vary relative to the plane of bearing resulting in non-uniform bearing load 
distribution into the web. The value ofPn will vary because of a transition from the interi-
or one-flange loading (Figure C3 .4-4(b» to the end one-flange loading (Figure 
C304-4(a)) condition. These discrete conditions represent the experimental basis on 
which the design provisions were founded (Winter, 1970; Hetrakul and Yu, 1978). 
In the 1996 edition of the AISI Specification, HSLA Grades 70 and 80 of A653 and 
A 715 steels were added in Specification Section A3.1. These two grades of steels have 
minimum yield points of 70 ksi (483 MPa) and 80 ksi (552 MPa), respectively. Because 
the AISI provisions for web crippling strength were previously developed on the basis of 
the experimental investigations using steels having Fy less than 55 ksi (379 MPa) (Hetra-
kul and Yu, 1978), Specification Equations C304-I., C304-2, and C304-6 are applicable 
only for Fy :5; 66.5 ksi (459 MPa). It can be shown that for the above mentioned three 
equations, the computed nominal web crippling strength for a given section increases as 
the yield point of steel increases only up to 66.5 ksi (459 MPa), beyond which the com-
puted web crippling strength decreases as the yield point increases. Current research at 
the University of Missouri-Rolla indicates that the web crippling strength increases for 
beams using the yield point of steel greater than 66.5 ksi (459 MPa). It is expected that 
improved design provisions will be developed upon the completion of the ongoing re-
search. In the meantime, in order to not penalize the use of high strength steels, a constant 
value ofkC3 = 1.34, determined for Fy = 66.5 ksi (459 MPa), is conservatively specified in 
a footnote in the 1996 Specification for using high strength steels. 
From Specification Equations C3.4-1 through C3.4-22, it can be seen that the 
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Figure C-C3.4-4 Assumed Distribution of Reaction or Load 
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NIt, Rlt, the web thickness t, the yield stress Fy, and the web inclination angle 8. For the 
ASD approach, the allowable reactions and concentrated loads can be detennined from 
the nominal strength using a safety factor of 1.85 for beams having single unreinforced 
webs. The use of such a smaller safety factor against the maximum capacity obtained 
from the tests was due to the fact that the test specimens represent the lowest degree of 
web restraint likely to be found in practice. For I-beams or similar sections, the allowable 
strength is detennined from the nominal strength using a safety factor of 2.0. This is based 
on the fact that the test results showed considerable scatter and that the test specimens 
used in the experimental program represent the optimum amount of web restraint likely to 
be met in practice. 
With regard to the LRFD approach, the uses of <t> = 0.75 for single unreinforced 
webs and <t> = 0.80 for I-sections provide the values of safety index ranging from 2.4 to 
3.8. 
Recent research indicated that a Z-section having its end support flange bolted to 
the section's supporting member through two 1/2-inch (12.7 mm) diameter bolts will ex-
perience an increase in end-one-flange web crippling capacity (Bhakta, LaBoube and 
Yu, 1992; Cain, LaBoube and Yu, 1995). The increase in load-carrying capacity was 
shown to range from 27 to 55 percent for the sections under the limitations prescribed in 
the Specification. A lower bound value of 30 percent increase is pennitted in Specifica-
tion Section C3.4 since 1996. 
For two nested Z-sections, the 1996 Specification pennits the use of slightly dif-
ferent safety factor and resistance factor for the interior one flange loading condition. 
Based on research conducted at the University of Wisconsin-Milwaukee and the Univer-
sity of Missouri-Rolla, as summarized by LaBoube, Nunnery and Hodges (1994), the 
web crippling behavior of unreinforced nested web elements is enhanced because of the 
interaction of the nested webs. The research indicates that the present interior one flange 
loading equation (Specification Equation C3.4-4) adequately predicts the web crippling 
strength. A statistical evaluation of the correlation of tested to calculated web crippling 
strength detennined that an acceptable safety factor of 1.80 is appropriate. This slightly 
lower factor of safety is attributed to the enhanced rotational restraint exhibited by the 
nested Z configuration, and the narrow range of section parameters that are represented 
by the industry standard sections. 
C3.S Combined Bending and Web Crippling Strength 
C3.S.1 ASD Method 
The AISI Specification contains interaction equations for the combination of 
bending and web crippling. Specification Equations C3.5.1-1 and C3.5 .1-2 are based 
on the studies conducted at the University of Missouri-Rolla for the effect of bending 
on the reduction of web crippling loads with the applicable safety factors used for 
bending and web crippling (Hetrakul and Yu, 1978 and 1980; Yu, 1981 and 1991). Fig-
ures C-C3.5-1 and C-C3.5-2 show the correlations between the interaction equa-
tions and test results. For embossed webs, crippling strength should be determined by 
tests according to Specification Chapter F. 
The exception clause included in Specification Section C3.5.1 for single unrein-
forced webs applies to the interior supports of continuous spans using decks and 
beams, as shown in Figure C-C3.5-3. Results of continuous beam tests of steel decks 
(Yu, 1981) and several independent studies by manufacturers indicate that, for these 





o o 0 
1.0 t-------<4cI 
o 0 
1.07 Ptest + Mtest = 1.42 





0.4 0 University of Missouri-
Rolla data 
A Cornell University data 
o Ratliff's data 
0.2 
o.o~--~--~---~---~--~--~----
0.0 0.2 0.4 0.6 
Ptest 
Pncomp 
0.8 1.0 1.2 
Figure C-C3.5-1 Graphic Presentation for Web Crippling and Combined Web 
Crippling and Bending for Single Unrelnforced Webs 
1.2 
P M 0.82 ~ + test = 1.32 
Pn comp Mn comp 
1.0 ~------..... 





0.2 o University of Missouri-Rolla data 
A Cornell University data 
o.o~--~----~---~---~---~---~~ 
0.0 0.2 0.4 0.6 
Ptest 
Pn comp 
0.8 1.0 1.2 
Figure C-C3.S-2 Interaction between Web Crippling and Bending 
for I-Beams having Unrelnforced Webs 
types of members, the postbuckling behavior of webs at interior supports differs from 
the type of failure mode occurring under concentrated loads on single span beams. 
This postbuckling strength enables the member to redistribute the moments in contin-
uous spans. For this reason, Specification Equation C3.S.l-1 is not applicable to the 
interaction between bending and the reaction at interior supports of continuous spans. 
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This exception clause applies only to the members shown in Figure C-C3.5-3 and 
similar situations explicitly described in Specification Section C3.5 .1. 
(a) Decks 
(b) Beams 
Deck or cladding 
Deck, cladding 
or braces 
Figure C-C3.5-3 Sections Used for Exception Clause of Specification Section C3.S 
The exception clause should be interpreted to mean that the effects of combined 
bending and web crippling need not be checked for determining load-carrying capac-
ity. Furthermore the positive bending resistance of the beam should be at least 90 per-
cent of the negative bending resistance in order to insure the safety implied by the 
Specification. 
Using this procedure the service loads may (1) produce slight deformations in the 
beam over the support, (2) increase the actual compressive bending stresses over the 
support to as high as 0.8 Fy, and (3) result in additional bending deflection of up to 22 
percent due to elastic moment redistribution. 
If load-carrying capacity is not the primary design concern because of the above 
behavior, the designer is urged to use Specification Equation C3.5 .1-1. 
With regard to Equation C3.5.1-2, previous tests indicate that when the hit ratio of 
an I-beam web does not exceed 2.33/ jFy/E and when AS 0.673, the bending mo-
ment has little or no effect on the web crippling load (Yu, 1991). For this reason, the 
allowable reaction or concentrated load can be determined by the equations given in 
Specification Section C3.4 without reduction for the presence of bending. 
In 1996, additional design information was added to Specification Section 
C3.5.1 (c) for two nested Z-shapes. These design provisions are based on the research 
conducted at the University of Wisconsin-Milwaukee, University of Missouri-Rolla, 
and a metal building manufacturer (LaBoube, Nunnery and Hodges, 1994). The web 
crippling and bending behavior of unreinforced nested web elements is enhanced be-
cause of the interaction of the nested webs. Specification Equation C3.5 .1-3 is based 
on the experimental results obtained from 14 nested web configurations. These con-
figurations are typically used by the metal building industry. 
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C3.S.2 LRFD Method 
For the load and resistance factor design method, Specification Equations 
C3.5.2-1 and C3.5.2-2 are based the original equations shown in Figures C-C3.5-1 
and C-C3.5-2 using the required and design strengths. 
In the development of the LRFD equations, a total of 551 tests were calibrated for 
combined bending and web crippling strength. Based on <t>w = 0.75 for single unrein-
forced webs and <l>w = 0.80 for I-sections, the values of safety index vary from 2.5 to 
3.3 as summarized in the AISI Commentary (1991). 
For two nested Z-shapes, Specification Equation C3.5.2-3 was derived from the 
same research work discussed in Section C3.5.1 for Specification Equation C3.5 .1-3. 
C4 Concentrically Loaded Compression Members 
Axially loaded compression members should be designed for the following limit states 
depending on the configuration of the cross-section, thickness of material, unbraced length, 
and end restraint: (1) yielding, (2) overall column buckling (flexural buckling, torsional 
buckling, or torsional-flexural buckling), and (3) local buckling of individual elements. For 
the design tables and example problems on columns, see Parts I and III of the Design Manual 
(AISI, 1996). 
A. Yielding 
It is well known that a very short, compact column under an axial load may fail by yield-
ing. The yield load is detennined by Equation C-C4-1 : 
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Py = AgFy (C-C4-l) 
where Ag is the gross area of the column and Fy is the yield point of steel. 
B. Flexural Buckling of Columns 
(a) Elastic Buckling Stress 
A slender, axially loaded column may fail by overall flexural buckling if the cross-
section of the column is a doubly-symmetric shape, closed shape (square or rect-
angular tube), cy lindrical shape, or point-symmetric shape. For singly-symmetric 
shapes, flexural buckling is one of the possible failure modes. Wall studs con-
nected with sheathing material can also fail by tlexural buckling. 
The elastic critical buckling load for a long column can be detennined by the fol-
lowing Euler equation: 
n:2EI (P cr)e = (KL)2 
where (Pcr)e is the column buckling load in the elastic range, E is the modulus of 
elasticity, I is the moment of inertia, K is the effective length factor, and L is the 
unbraced length. Accordingly, the elastic column buckling stress is 
(F ) = (P cr)e = 1[2E 
cr e Ag (KL/r)2 
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(b) Inelastic Buckling Stress 
When the elastic column buckling stress computed by Equation C-C4-3 exceeds 
the proportional limit, Fpr, the column will buckle in the inelastic range. Prior to 
1996, the following equation was used in the AISI Specification for computing the 
inelastic column buckling stress: 
(Fcr) I = FY( 1 - 4<::r).) 
It should be noted that because the above equation is based on the assumption that 
Fpr = Fyl2, it is applicable only for (Fer)e ~ Fy/2. 
By using Ae as the column slenderness parameter instead of slenderness ratio, KL/r, 
Equation C-C4-4 can be rewritten as follows: 
(Fcr) I = (1 - ~)FY 
where 
(F; KL IF; 
Ac= V~= mvp; 
Accordingly, Equation C-C4-5 is applicable only for Ae S Ii. 
(c) Nominal Axial Strength for Locally Stable Columns 
If the individual components of compression members have small wIt ratios, local 
buckling will not occur before the compressive stress reaches the column buckling 
stress or the yield point of steel. Therefore, the nominal axial strength can be deter-
mined by the following equation: 
Pn =AgFer 
where 
P n = nominal axial strength 
Ag = gross area of the column 
Fer= column buckling stress 
(d) Nominal Axial Strength for Locally Unstable Columns 
For cold-formed steel compression members with large wIt ratios, local buckling 
of individual component plates may occur before the applied load reaches the 
nominal axial strength determined by Equation C-C4-7. The interaction effect of 
the local and overall column buckling may result in a reduction of the overall col-
umn strength. From 1946 through 1986, the effect of local buckling on column 
strength was considered in the AISI Specification by using a form factor Q in the 
determination of allowable stress for the design of axially loaded compression 
members (Winter, 1970; Yu, 1991). Even though the Q-factor method was used 
successfully for the design of cold-formed steel compression members, research 
work conducted at Cornell University and other institutions have shown that this 
method is capable of improvement. On the basis of the test results and analytical 
studies of DeWolf, Pekoz, Winter, and Mulligan (DeWolf, Pekoz and Winter, 
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for the design of cold-formed steel members (Pekoz, 1986b), the Q-factor method 
was eliminated in the 1986 edition of the AISI Specification. In order to reflect the 
effect of local buckling on the reduction of column strength, the nominal axial 
strength is determined by the critical column buckling stress and the effective area, 
Ae, instead of the full sectional area. When Ae cannot be calculated, such as when 
the compression member has dimensions or geometry beyond the range of applica-
bility of the AISI Specification, the effective area Ae can be determined exper-
imentally by stub column tests using the procedure given in Part VIII of the AISI 
Design Manual (AISI, 1996). For a more in-depth discussion of the background 
for these provisions, see Pekoz (1986b). Therefore, the nominal axial strength of 
cold-formed steel compression members can be determined by the following 
equation: 
Pn =AeFer 
where Fer is either elastic buckling stress or inelastic buckling stress whichever is 
applicable, and Ae is the effective area at Fer. 
An exception for Equation C-C4-8 is for C- and Z-shapes, and single angle sec-
tions with un stiffened flanges. For these cases, the nominal axial strength is also 
limited by the following capacity, which is determined by the local buckling stress 
of the unstiffened element and the area of the full cross-section: 
An2E 
Pn = 25.7(w /t)2 
The above equation was included in Section C4(b) of the 1986 edition of the AISI 
Specification when the unified design approach was adopted. A recent study con-
ducted by Rasmussen at the University of Sydney (Rasmussen, 1994) indicated 
that the design provisions of Section C4(b) of the 1986 AISI Specification leads to 
unnecessarily and excessively conservative results. This conclusion was based on 
the analytical studies carefully validated against test results as reported by Ras-
mussen and Hancock (1992). Consequently, Section C4(b) of the Specification 
(Equation C-C4-9) was deleted in 1996. 
In the 1996 AISI Specification, the design equations for calculating the inelastic 
and elastic flexural buckling stresses have been changed to those used in the AISC 
LRFD Specification (AISC, 1993). As given in Specification Section C4(a), these 




For Ac ::; 1.5: Fn = (O.658 A2)Fy (C--C4-10) 
For Ac > 1.5: Fn = [o·~r ]Fy (C--C4-11) 
where Fn is the nominal flexural buckling stress which can be either in the elastic 
range or in the inelastic range depending on the value ofAe = jFy/Fe, and Fe is the 
elastic flexural buckling stress calculated by using Equation C--C4-3. Conse-
quently, the equation for determining the nominal axial strength can be written as 
Pn =AeFn 
which is Equation C4-1 of the Specification. 
The reasons for changing the design equations from Equation C-C4-4 to Equation 
C-C4-10 for inelastic buckling stress and from Equation C-C4-3 to Equation 
C-C4-11 for elastic buckling stress are: 
(C--C4-12) 
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1. The revised column design equations (Equations C-C4-l0 and C-C4-ll) 
are based on a different basic strength model and were shown to be more accu-
rate by Pekoz and Sumer (1992). In this study, 299 test results on columns and 
beam-columns were evaluated. The test specimens included members with 
component elements in the post-local buckling range as well as those that 
were locally stable. The test specimens included members subject to flexural 
buckling as well as torsional-flexural buckling. 
2. Because the revised column design equations represent the maximum 
strength with due consideration given to initial crookedness and can provide 
the better fit to test results, the required factor of safety can be reduced. In 
addition, the revised equations enable the use of a single factor of safety for all 
Ac values even though the nominal axial strength of columns decreases as the 
slenderness increases because of initial out-of-straightness. By using the se-
lected factor of safety and resistance factor, the results obtained from the ASD 
and LRFD approaches would be approximately the same for a live-to-dead 
load ratio of 5.0. 
The design provisions included in the ASD Specification (AISI, 1986), the LRFD 
Specification (AISI, 1991), and the combined ASDILRFD Specification (AISI, 
1996) are compared in Figures C-C4-1 , C-C4-2, and C-C4-3. 
Figure C-C4-1 shows a comparison of the critical flexural buckling stresses used 
in the 1986, 1991, and 1996 Specifications. The equations used to plot these two 
curves are indicated in the figure. Because of the use of a relatively smaller factor 
of safety in the 1996 Specification, it can be seen from Figure C-C4-2 that the de-
sign capacity is increased for thin columns with low slenderness parameters and 
decreased for high slenderness parameters. However, the differences would be less 
than 10%. For the LRFD method, the differences between the nominal axial 
strengths used for the 1991 and the 1996 LRFD design provisions are shown in 
Figure C-C4-3. 
(e) Effective Length Factor, K 
The effective length factor K accounts for the influence of restraint against rotation 
and translation at the ends of a column on its load-carrying capacity. For the sim-
plest case, a column with both ends hinged and braced against lateral translation, 
buckling occurs in a single half-wave and the effective length KL, being the length 
of this half-wave, is equal to the actual physical length of the column (Figure 
C-C4-4); correspondingly, for this case, K = 1. This situation is approached if a 
given compression member is part of a structure which is braced in such a manner 
that no lateral translation (sidesway) of one end of the column relative to the other 
can occur. This is so for columns or studs in a structure with diagonal bracing, dia-
phragm bracing, shear-wall construction or any other provision which prevents 
horizontal displacement of the upper relative to the lower column ends. In these 
situations it is safe and only slightly, if at all, conservative to take K == 1. 
If translation is prevented and abutting members (including foundations) at one or 
both ends of the member are rigidly connected to the column in a manner which 
provides substantial restraint against rotation, K-values smaller than 1 (one) are 
sometimes justified. Table C-C4-1 provides the theoretical K values for six ideal-
ized conditions in which joint rotation and translation are either fully realized or 
nonexistent. The same table also includes the K values recommended by the Struc-
tural Stability Research Council for design use (Galambos, 1988). 
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Figure C-C4-2 Comparison between the Design Axial Strengths, Pd 
In trusses~ the intersection of members provides rotational restraint to the compres-
sion members at service loads. As the collapse load is approached, the member 
stresses approach the yield point which greatly reduces the restraint they can pro-
vide. For this reason K value is usually taken as unity regardless of whether they 
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Figure C-C4-3 Comparison between the Nominal Axial Strengths, Pn 
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Figure C-C4-4 Overall Column Buckling 
directly to the top flange of a continuous compression chord, recent research 
(Harper, LaBoube and Yu, 1995) has shown that the K values may be taken as 0.75 
(AISI, 1995). 
On the other hand, when no lateral bracing against sidesway is present, such as 
in the portal frame of Figure C-C4-5, the structure depends on its own bending 
stiffness for lateral stability. In this case, when failure occurs by buckling of the 
columns, it invariably takes place by the sidesway motion shown. This occurs at a 
2 
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Table C-C4-1 Effective Length Factors K for Concentrically Loaded 
Compression Members 
(a) (b) (e) (d) (e) (f) 
1, ~~ J: + + t~ t!:: ~ ~ "ToO P 
\ I I I , 
I \ I 
, 
, I \ I Buckled shape of column I I I I 
is shown by dashed line , , I I 
, 
I 




\ I I , , 
"7; "m 77.7; 1"7; ~ 
t t t ~ t ~ 
Theoretical K value 0.5 0.7 1.0 1.0 2.0 2.0 
Recommended K value 
when ideal conditions 0.65 0.80 1.2 1.0 2.10 2.0 
are approximated 
~ Rotation fixed, Translation fixed 
V Rotation free, Translation fixed End condition code 
~ Rotation fixed, Translation free 
T Rotation free, Translation free 
lower load than the columns would be able to carry if they where braced against 
sidesway and the figure shows that the half-wave length into which the columns 
buckle is longer than the actual column length. Hence, in this case K is larger than 1 
(one) and its value can be read from the graph of Figure C-C4-6 (Winter et aI., 
1948a and Winter, 1970). Since column bases are rarely either actually hinged or 
completely fixed, K-values between the two curves should be estimated depend-
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Figure C-C4-5 Laterally Unbraced Portal Frame 
Figure C-C4-6 can also serve as a guide for estimating K for other simple situa-
tions. For multi-bay andlor multi-story frames, simple alignment charts for deter-
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Figure C-C4-6 Effective Length Factor K In Laterally Unbraced 
Portal Frames 
mining K are given in the AISC Commentaries (AISC, 1989; 1993). For additional 
information on frame stability and second order effects, see SSRC Guide to Stabil-
ity Design Criteria for Metal Structures (Galambos, 1988) and the AISC Specifi-
cations and Commentaries. 
If roof or floor slabs, anchored to shear walls or vertical plane bracing systems, are 
counted upon to provide lateral support for individual columns in a building sys-
tem, their stiffness must be considered when functioning as horizontal diaphragms 
(Winter, 1958a). 
C. Torsional Buckling of Columns 
It was pointed out at the beginning of this section that purely torsional buckling, i.e., 
failure by sudden twist without concurrent bending, is also possible for certain thin-
walled open shapes. These are all point-symmetric shapes (in which shear center and 
centroid coincide), such as doubly-symmetric I-shapes, anti-symmetric Z-shapes, and 
such unusual sections as cruciforms, swastikas, and the like. Under concentric load, tor-
sional buckling of such shapes very rarely governs design. This is so because such mem-
bers of realistic slenderness will buckle tlexurally or by a combination of flexural and 
local buckling at loads smaller than those which would produce torsional buckling. 
However, for relatively short members of this type, carefully dimensioned to minimize 
local buckling, such torsional buckling cannot be completely ruled out. If such buckling 
is elastic, it occurs at the critical stress crt calculated as follows (Winter, 1970): 
0, = ~r~ [ GJ + ~~~~)~] 
The above equation is the same as Specification Equation C3 .1.2-1 0, in which A is the 
full cross-sectional area, ro is the polar radius of gyration of the cross section about the 
shear center, G is the shear modulus, J is St. Venant torsion constant of the cross section, 
E is the modulus of elasticity, Cw is the torsional warping constant of the cross section, 
and Kt Lt is the effective length for twisting. 
For inelastic buckling, the critical torsional buckling stress can also be calculated ac-
cording to Equation C-C4-1 0 by using crt as Fe in the calculation of Ac. 
D. Torsional-Aexural Buckling of Columns 
(C-C4-13) 
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As discussed previously, concentrically loaded columns can buckle in the flexural 
buckling mode by bending about one of the principal axes; or in the torsional buckling 
mode by twisting about the shear center; or in the torsional-flexural buckling mode by 
simultaneous bending and twisting. For singly-symmetric shapes such as channels, hat 
sections, angles, T -sections, and I-sections with unequal flanges, for which the shear 
center and centroid do not coincide, torsional-flexural buckling is one of the possible 
buckling modes as shown in Figure C-C4-7. Un symmetric sections will always buckle 
in the torsional-flexural mode. 
Figure C-C4-7 Torsional-Flexural Buckling of a Channel 
In Axial Compression 
It should be emphasized that one needs to design for torsional-flexural buckling only 
when it is physically possible for such buckling to occur. This means that if a member is 
so connected to other parts of the structure such as wall sheathing that it can only bend 
but cannot twist, it needs to be designed for flexural buckling only. This may hold for the 
entire member or for individual parts. For instance, a channel member in a wall or the 
chord of a roof truss is easily connected to girts or purlins in a manner which prevents 
twisting at these connection points. In this case torsional-flexural buckling needs to be 
checked only for the unbraced lengths between such connections. Likewise, a doubly-
symmetric compression member can be made up by connecting two spaced channels at 
intervals by batten plates. In this case each channel constitutes an "intermittently fas-
tened component of a built-up shape." Here the entire member, being doubly-symmet-
rical, is not subject to torsional-flexural buckling so that this mode needs to be checked 
only for the individual component channels between batten connections (Winter, 1970). 
The governing elastic torsional-flexural buckling load of a column can be found from 
the following equation, (Chajes and Winter, 1965; Chajes, Fang and Winter, 1966; Yu, 
1991): 
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Po = i~ [(Px + Pz) - j(px + pz)2 - 4~PxPz] (C-C4-14) 
If both sides of this equation are divided by the cross-sectional area A, one obtains the 
equation for the elastic, torsional-flexural buckling stress Fe as follows: 
Fe = i~ [(aex + a,) - j(aex + a,)2 - 4~aexa,] (C-C4--15) 
VI-74 Commentary on the 1996 AISI Cold-Fonned Steel Specification 
For this equation, as in all provisions which deal with torsional-flexural buckling, the 
x-axis is the axis of symmetry; Oex = n;2E/(KxLx/rx)2 is the flexural Euler buckling 
stress about the x-axis, Ot is the torsional buckling stress (Equation C-C4-13) and 
~= 1-(xolro)2. It is worth noting that the torsional-flexural buckling stress is always low-
er than the Euler stress 0ex for flexural buckling about the symmetry axis. Hence, for 
these singly-symmetric sections, flexural buckling can only occur, if at all, about the' 
y-axis which is the principal axis perpendicular to the axis of symmetry. 
For inelastic buckling, the critical torsional-flexural buckling stress can also be calcu-
lated by using Equation C-C4-10. 
An inspection of Equation C-C4-15 will show that in order to calculate ~ and Oh it is 
necessary to determine Xo = distance between shear center and centroid, J = St. Venant 
torsion constant, and Cw = warping constant, in addition to several other, more familiar 
cross-sectional properties. Because of these complexities, the calculation of the tor-
sional-flexural buckling stress cannot be made as simple as that for flexural buckling. 
However, a variety of design aids as given in Part VII of the Design Manual(AISI, 
1996), simplify these calculations at least for the most common cold-fonned steel 
shapes. 
For one thing, any singly-symmetric shape can buckle either flexurally about the y-axis 
or torsional-flexurally, depending on its detailed dimensions. For instance, a channel 
stud with narrow flanges and wide web will generally buckle flexurally about the y-axis 
(axis parallel to web); in contrast a channel stud with wide flanges and a narrow web will 
generally fail in torsional-flexural buckling. One can determine the mode which gov-
erns by using the charts in Part VII of the Design Manual. These design charts were de-
veloped for common shapes. They permit one to determine which of the two buckling 
modes governs, depending on simple combinations of the cross-sectional dimensions 
and the length of the member. If torsional-flexural buckling is indicated, the informa-
tion and design aids in Parts I and VII of the Design Manual (AISI, 1996) facilitate and 
expedite the necessary calculations. 
The above discussion refers to mernbers subject to torsional-flexural buckling, but 
made up of elements whose wIt ratios are small enough so that no local buckling will 
occur. For shapes which are sufficiently thin, i.e., with wIt ratios sufficiently large, local 
buckling can combine with torsional-flexural buckling similar to the combination of 
local with flexural buckling. For this case, the effect of local buckling on the torsional-
flexural buckling strength can also be handled by using the effective area, Ae, deter-
mined at the stress Fn for torsional-flexural buckling. 
C4.1 Sections Not Subject to Torsional or Torsional-Flexural Buckling 
If concentrically loaded compression mernbers can buckle in the flexural buckling 
mode by bending about one of the principal axes, the nominal flexural buckling strength 
of the column should be determined by using Equation C4-1 of the Specification. The 
elastic flexural buckling stress is given in Equation C4.1-1 of the Specification, which is 
the same as Equation C-C4-3 of the Commentary. This provision is applicable to doubly-
symmetric sections, closed cross sections and any other sections not subject to torsional 
or torsional-flexural buckling. 
C4.2 Doubly- or Singly-Symmetric Sections Subject to Torsional or Tor-
sional-Flexural Buckling 
As discussed previously in Section C4, torsional buckling is one of the possible 
buckling modes for doubly- and point-symmetric sections. For singly-symmetric sec-
tions, torsional-flexural buckling is one of the possible buckling modes. The other pos-
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sible buckling mode is flexural buckling by bending about the y-axis (i.e., assuming x-
axis is the axis of symmetry). 
For torsional buckling, the elastic buckling stress can be calculated by using Equa-
tion C-C4-13. For torsional-flexural buckling, Equation C-C4-15 can be used to com-
pute the elastic buckling stress. The following simplified equation for elastic torsional-
flexural buckling stress is an alternative permitted by the AISI Specification: 
Fe = O'tO'ex (C-C4-16) 
at + O'ex 
The above equation is based on the following interaction relationship given by Pe-
koz and Winter (1969a): 
.l... = _1 + l.. (C-C4-17) Pn Px Pz 
or 
1 1 1 
-=-+-Fe aex 0t 
C4.3 Nonsymmetric Sections 
For nonsymmetric open shapes the analysis for torsional-flexural buckling be-
comes extremely tedious unless its need is sufficiently frequent to warrant computeriza-
tion. For one thing, instead of the quadratic equations, cubic equations have to be solved. 
For another, the calculation of the required section properties, particularly Cw, becomes 
quite complex. The method of calculation is given in Parts I and VII of the Design Manual 
(AISI, 1996) and the book by Yu (1991). Section C4.3 of the Specification states that cal-
culation according to this section shall be used or tests according to Chapter F shaH be 
made when dealing with non symmetric open shapes. 
C4.4 CompreSSion Members Having One Flange Through-Fastened to 
Deck or Sheathing 
For axially loaded C- or Z- sections having one flange attached to deck or sheath-
ing and the other flange unbraced, e.g., a roof purlin or wall girt subjected to wind or seis-
mic generated compression forces, the axial load capacity is less than a fully braced mem-
ber, but greater than an unbraced member. The partial restraint relative to weak axis buck-
ling is a function of the rotational stiffness provided by the panel-to-purlin connection. 
Specification Equation C4.4-1 is used to calculate the weak axis capacity. This equation 
is not valid for sections attached to standing seam roofs. The equation was developed by 
Glaser, Kaehler and Fisher (1994) and is also based on the work contained in the reports of 
Hatch, Easterling and Murray (1990) and Simaan (1973). 
A limitation on the maximum yield point of the C- or Z- section is not gi ven in the 
Specification since Equation C4.4-1 is based on elastic buckling criteria. A limitation on 
minimum length is not contained in the Specification because Equation C4.4-1 is conser-
vative for spans less than 15 feet. 
As indicated in the Specification, the strong axis axial load capacity is determined 
assuming that the weak axis of the strut is braced. 
The controlling axial capacity (weak or strong axis) is suitable for usage in the 
combined axial load and bending equations in Section C5 of the Specification (Hatch, 
Easterling, and Murray, 1990). 
(C-C4-18) 
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CS Combined Axial Load and Bending 
In the 1996 edition of the AISI Specification, the design provisions for combined axial 
load and bending have been expanded to include expressions for the design of members sub-
ject to combined tensile axial load and bending. 
CS.1 Combined Tensile Axial Load and Bending 
The design criteria included in Section CS.1 of the Specification are new require-
ments. These provisions apply to concurrent bending and tensile axial load. If bending 
can occur without the presence of tensile axial load, the member must also confonn to the 
provisions of Specification Section C3. Care must be taken not to overestimate the tensile 
load as this could be unconservative. 
CS.1.1 ASO Method 
Specification Equation CS .1.1-1 provides a design criterion to prevent yielding of 
the tension flange of a member under combined tensile axial load and bending. Speci-
fication Equation CS.l.1-2 provides a design criterion to prevent failure of the com-
pression flange. 
CS.1.2 LRFO Method 
Similar to the ASD method, two interaction equations are included in Specification 
Section CS.I.2 for the LRFD method. Specification Equations CS.l.2-1 andCS.l.2-2 
are used to prevent the failure of the tension flange and compression flange, respec-
tively. 
CS.2 Combined Compressive Axial Load and Bending 
Cold-formed steel members under a combination of compressive axial load and 
bending are usually referred to as beam-columns. The bending may result from eccentric 
loading, transverse loads, or applied moments. Such members are often found in framed 
structures, trusses, and exterior wall studs. For the design of such members, interaction 
equations have been developed for locally stable and unstable beam-columns on the basis 
of thorough comparison with rigorous theory and verified by the available test results (Pe-
koz, 1986a~ Pekoz and Sumer, 1992). 
The structural behavior of beam -columns depends on the shape and dimensions of 
the cross section, the location of the applied eccentric load, the column length, the end 
restraint, and the condition of bracing. 
CS.2.1 ASO Method 
When a beam-column is subject to an axial load P and end moments M as shown in 
Figure C-CS.2-1 (a), the combined axial and bending stress in compression is given in 
Equation C-CS .2.1-1 as long as the member remains straight: 
f =P + M 
A S 
=fa + fb 
where 
(C-CS.2.1-l) 
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f =combined stress in compression 
fa =axial compressive stress 
fb = bending stress in compression 
P =applied axial load 
A =cross-sectional area 
M = bending moment 






Figure C-CS.2-1 Beam-Column Subjected to Axial Loads and End Moments 
It should be noted that in the design of such a beam--column by using the ASD 
method, the combined stress should be limited by certain allowable stress F, that is, 
or 
As specified in Sections C3.1 and C4 of the Specification, the safety factor Qc for 
the design of compression members is different from the safety factor Qb for beam 
design. Therefore Equation C-CS .2.1-2 may be modified as follows: 
fa fb 
Fa + Fb S 1.0 
where 
Fa = allowable stress for the design of compression members 
Fb = allowable stress for the design of beams 
If the strength ratio is used instead of the stress ratio, Equation C-CS .2.1-3 can be 
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where 
P = applied axial load = Afa 
P a = allowable axial load = AFa 
M = applied moment = Sfb 
Ma = allowable moment = SFb 
According to Equation C-A5.1.1-1, 
Pa= Pn 
Q c 
Ma = Mn Qh 
In the above equations, Pn and nc are given in Specification Section C4, while Mn 
and nb are specified in Specification Section C3.1. Substituting the above expressions 
into Equation C-C5.2.1-4, the following interaction equation (Specification Equa-
tion C5.2.1-3), can be obtained: 
QcP QbM Tn + Mn S 1.0 
Equation C-C5.2.1-4 is a well-known interaction equation, which has been 
adopted in several specifications for the design of beam -columns. It can be used with 
reasonable accuracy for short members and members subjected to a relatively small 
axial load. It should be realized that in practical applications, when end moments are 
applied to the member, it will be bent as shown in Figure C-C5.2-1(b) due to the ap-
plied moment M and the secondary moment resulting from the applied axial load P 
and the deflection of the member. The maximum bending moment at midlength (point 
C) can be represented by 
Mmax =<l>M 
where 
Mmax = maximum bending moment at midlength 
M = applied end moments 
<l> = amplification factor 
It can be shown that the amplification factor <I> may be computed by 
1 
<l> = 1 - PIPE 
where PE = elastic column buckling load (Euler load) = 1t2EI/(KLb)2. Applying a safe-
ty factor Q c to PE, Equation C-C5.2.1-7 may be rewritten as 
<1>= 1 
1 - QcP/PE 
If the maximum bending moment Mmax is used to replace M, the following interac-
tion equation can be obtained from Equations C-C5.2.1-5 and C-C5.2.1-S: 
QcP QbM 
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It has been found that Equation C-C5.2.l-9, developed for a member subjected to 
an axial compressive load and equal end moments, can be used with reasonable accu-
racy for braced members with unrestrained ends subjected to an axial load and a uni-
formly distributed transverse load. However, it could be conservative for compression 
members in unbraced frames (with sidesway), and for members bent in reverse curva-
ture. For this reason, the interaction equation given in Equation C-C5.2.1-9 should be 
further modified by a coefficient Cm, as shown in Equation C-C5.2.1-10, to account 
for the effect of end moments: 
QcP QbCmM 
-P + M ~ 1.0 
nan 
The above equation is Specification Equation C5.2.1-1, in which a = 1- .QcPIPE. 
In Equation C-C5 .2.1-1 0, Cm can be determined for one of the three cases defined 
in Specification Section C5.2.1. For Case 1, Cm is given as 0.85. In Case 2, it can be 
computed by Equation C-C5.2.1-11 for restrained compression members braced 
against joint translation and not subject to transverse loading: 
Ml Cm = 0.6 - OA M 2 
where MIIM2 is the ratio of smaller to the larger end moments. For Case 3, Cm may be 
approximated by using the value given in the AISC Commentaries for the applicable 
condition of transverse loading and end restraint (AISC, 1989 and 1993). 
When the maximum moment occurs at braced points, Equation C-C5.2.1-12 (i.e., 
Specification Equation CS.2.1-2) should be used to check the member at the braced 
ends. 
QcP QbM 
-P +-M ~ 1.0 
no n 
where Pno is the nominal axial load for KL/r = O. 
Furthermore, for the condition of small axial load, the influence of Cm/a is usually 
small and may be neglected. Therefore, when .QcP ~ 0.15Pn, Equation C-C5.2.1-5 
may be used for the design of beam-columns. 
CS.2.2 LRFD Method 
The LRFD method uses the same interaction equations as the ASD method, except 
that <l>cPn and <PbMn are used for design strengths. In addition, the required axial 
strength P u and the required flexural strength Mu are to be determined from factored 
loads according to the requirements of Section A6.1.2 of the Specification. 
It should be noted that, as compared with the 1991 edition of the AISI LRFD Speci-
fication, the definition of factor a was changed in the 1996 Specification by eliminat-
ing the <Pc term because the term PE is a deterministic value and hence does not require 
a resistance factor. 
The interaction equations used in Specification Section C5.2.2 are the same as that 
used in the AISI LRFD Specification (AISI, 1991) but they are different as compared 
with the AISC LRFD Specification (AISC, 1993) due to the lack of sufficient evi-
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C6 Cylindrical Tubular Members 
Thin-walled cylindrical tubular members are economic sections for compression and 
torsional members because of their large ratio of radius of gyration to area, the same radius of 
gyration in all directions, and the large torsional rigidity. Like other cold-formed steel com-
pression members, cylindrical tubes must be designed to provide adequate safety not only 
against overall column buckling but also against local buckling. It is well known that the clas-
sical theory of local buckling of longitudinally compressed cylinders overestimates the actu-
al buckling strength and that inevitable imperfections and residual stresses reduce the actual 
strength of compressed tubes radically below the theoretical value. For this reason, the AISI 
design provisions for local buckling have been based largely on test results. 
Local Buckling Stress 
Considering the postbuckling behavior of the axially compressed cylinder and the im-
portant effect of the initial imperfection, the design provisions included in the AISI Specifi-
cation were originally based on Plantema's graphic representation and the additional results 
of cylindrical shell tests made by Wilson and Newmark at the University of Illinois (Winter, 
1970). 
From the tests of compressed tubes, Plantema found that the ratio FUltlFy depends on the 
parameter (ElFy)(t/D), in which t is the wall thickness, D is the mean diameter of the tubes, 
and Fult is the ultimate stress or collapse stress. As shown in Figure C-C6-1, line 1 corre-
sponds to the collapse stress below the proportional limit, line 2 corresponds to the collapse 
stress between the proportional limit and the yield point, and line 3 represents the collapse 
stress occurring at yield point. In the range of line 3, local buckling will not occur before 
yielding. In ranges 1 and 2, local buckling occurs before the yield point is reached. The cylin-













Figure C-C6-1 Critical Stress of Cylindrical Tubes for 
Local Buckling 
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Based on a conservative approach, AISI specifies that when the D/t ratio is smaller than 
or equal to 0.112EIFy, the tubular member shall be designed for yielding. This provision is 
based on point AI, for which (EIFy)(t/D) = 8.93. 
When 0.112EIFy < D/t < 0.441 EIFy, the design of tubular members is based on the in-
elastic local buckling criteria. For the purpose of developing a design equation for inelastic 
buckling, point B 1 was selected by AISI to represent the proportional limit. For point B I, 
(~ ) (~) = 2.27, ;;' = 0.75 (C-C6-l) 
Using line AlB I, the maximum stress of cylindrical tubes can be represented by 
;;' = 0.037 ( ~ ) (~) + 0.667 (C-C6-2) 
When D/t ~ 0.441 EIFy, the following equation represents Line 1 for elastic local buck-
ling stress: 
Fult = 0.328(~)(~) (C-C6-3) Fy Fy D 
The correlations between the available test data and Equations C-C6-2 and C-C6-3 are 
shown in Figure C-C6-2. The definition of symbol "D" was changed from "mean diameter" 
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Figure C-C6-2 Correlation between Test Data and AISI Criteria for 
Local Buckling of Cylindrical Tubes under Axial Compression 
18 
Same as other provisions of the Specification, the design requirements for cy lindrical 
tubular members have been combined for ASD and LRFD methods. It should be noted that 
the design provisions of Specification Section C6 are applicable only for members having a 
ratio of outside diameter-ta-waIl thickness, D/t, not greater than 0.441EJFy because the de-
sign of extremely thin tubes will be governed by elastic local buckling resulting in an uneco-
nomical design. In addition, cylindrical tubular members with unusually large D/t ratios are 
very sensitive to geometric imperfections. 
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C6.1 Bending 
For thick cy linders in bending, the initiation of yielding does not represent a failure 
condition as is generally assumed for axial loading. Failure is at the plastic moment ca-
pacity which is at least 1.29 times the moment at first yielding. In addition, the conditions 
for inelastic local buckling are not as severe as in axial compression due to the stress gra-
dient. 
Specification Equations C6.1-1, -2 and -3 are based upon the work reported by 
Shennan (1985) and an assumed minimum shape factor of 1.25. This slight reduction in 
the inelastic range has been made to limit the maximum bending stress to O.75Fy, a value 
typically used for solid sections in bending for the ASD method. The reduction also 
brings the criteria closer to a lower bound for inelastic local buckling. A small range of 
elastic local buckling has been included so that the upper D/t limit of O.441ElFy is the 
same as for axial compression. 
All three equations for determining the nominal flexural strength of cy lindrical tu-
bular members are shown in Figure C-C6.1-1. These equations have been used in the 
AISI Specification since 1986 and are retained in the 1996 Specification. The safety fac-
tor nb and the resistance factor <Pb are the same as that used in Specification Section 
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When cylindrical tubes are used as concentrically loaded compression members 
the nominal axial strength is determined by the same equation as given in Specification 
Section C4, except that (1) the nominal buckling stress, Fe, is determined only for flexural 
buckling and (2) the effective area, ~, is calculated by Equation C-C6.2-1: 
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where 
R = jFy/2Fe 
A = [0.037 + 0667]A :$ A 
o DFy/tE . 
and A = area of the unreduced cross section. The safety factor nc and the resistance factor 
$c are the same as that used in Specification Section C4 for compression members. 
Equation C-C6.2-3 is used for computing the reduced area due to local buckling. It 
is derived from Equation C-C6-2 for inelastic local buckling stress (Yu, 1991). 
C6.3 Combined Bending and Compression 
The interaction equations presented in Specification Section C5 can also be used 
for the design of cy lindrical tubular members when these mernbers are subject to com-
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D. STRUCTURAL ASSEMBLIES 
01 Built-Up Sections 
01.1 I-Sections Composed of Two C-Sections 
I-Sections made by connecting two C-sections back to back are often used as ei-
ther compression or flexural members. Cases (2) and (8) of Figure C-A 1.2-2 and Cases 
(3) and (7) of Figure C-A 1.2-3 show several built-up I-sections. 
(a) Compression Members 
For the I-sections to be used as compression members, the longitudinal spacing of 
connectors must not exceed the value of Smax, computed by using Equation D 1.1-1 
of the Specification. This prevents flexural buckling of the individual C-sections 
about the axis parallel to the web at a load smaller than that at which the entire I-sec-
tion would buckle. This provision is based on the requirement that the slenderness 
ratio of an individual C-section between connectors, smax/rcy, not be greater than 
one-half of the pertinent slenderness ratio, L/q, of the entire I-section (Winter, 
1970; Yu, 1991). This accounts for one of the connectors becoming loose or ineffec-
tive. 
Even though Section D 1.1 of the Specification refers only to I-sections, Specifica-
tion Equation D 1.1-1 can also be used for determining the maximum spacing of 
welds for box-shaped compression members made by connecting two C-sections 
tip to tip. In this case, rI is the smaller of the two radii of gyration of the box-shaped 
section. 
(b) Flexural Members 
For the I-sections to be used as flexural members, the longitudinal spacing of con-
nectors is limited by Equation D 1.1-2 of the Specification. The first requirement is 
an arbitrarily selected limit to prevent any possible excessive distortion of the top 
flange between connectors. The second is based on the strength and arrangement of 
connectors and the intensity of the load acting on the beam (Yu, 1991). 
The second requirement for maximum spacing of connectors required by Specifica-
tion Equation D 1.1-2 is based on the fact that the shear center of the C-section is 
neither coincident with nor located in the plane of the web; and that when a load Q is 
applied in the plane of the web, it produces a twisting moment Qm about its shear 
center, as shown in Figure C-D 1.1-1. The tensile force of the top connector Ts can 
then be computed from the equality of the twisting moment Qrn and the resisting 
moment Tsg, that is 
Qm = Tsg 
T = Qm s g 
Considering that q is the intensity of the load and that s is the spacing of connectors as 
shown in Figure C-D 1.1-2, the applied load is Q=qs/2. The maximum spacing Smax 
used in the Specification can easily be obtained by substituting the above value of Q 
into Equation C-D 1.1-2 of this Commentary. The determination of the load intensi-
ty q is based upon the type of loading applied to the beam. 
(C-D1.1-1) 
(C-D1.1-2) 
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Figure C-D1.1-1 Tensile Force Developed in the Top Connector for C-Section 
Figure C-D1.1-2 Spacing of Connectors 
In addition to the above considerations on the required strength of connections, the 
spacing of connectors should not be so great as to cause excessive distortion between 
connectors by separation along the top flange. In view of the fact that C-sections are 
connected back to back and are continuously in contact along the bottom flange, a 
maximum spacing of L/3 may be used. Considering the possibility that one connec-
tion may be defective, a maximum spacing of Smax = L/6 is the first requirement in 
Specification Equation D 1.1-2. 
01.2 Spacing of Connections in Compression Elements 
When compression elements are joined to other parts of bui1t-up members by in-
termittent connections, these connectors must be closely spaced to develop the required 
strength of the connected element. Figure C-D 1.2-1 shows a box-shaped beam made by 
connecting a flat sheet to an inverted hat section. If the connectors are appropriately 
placed, this flat sheet will act as a stiffened compression element with a width, w, equal to 
the distance between rows of connectors, and the sectional properties can be calculated 
accordingly. This is the intent of the provisions in Section D1.2 of the Specification. 
Section D 1.2( a) of the Specification requires that the necessary shear strength be 
provided by the same standard structural design procedure that is used in calculating 
flange connections in bolted or welded plate girders or similar structures. 
Section D 1.2(b) of the Specification ensures that the part of the flat sheet between 
two adjacent connectors will not buckle as a column (see Figure C-D 1.2-1) at a stress less 
than 1.67fc, where fc is the stress at service load in the connected compression element 
(Winter, 1970; Yu, 1991). The AISI requirement is based on the following Euler equation 
for column buckling: 
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acr = 
by substituting crer = 1.67fe, K = 0.6, L = s, and r = tI[fi. This provision is conservative 
because the length is taken as the center distance instead of the clear distance between 
connectors, and the coefficient K is taken as 0.6 instead of 0.5, which is theoretical value 
for a column with fixed end supports. 
Figure C-01.2-1 Spacing of Connectors In Composite Section 
Section D 1.2( c) ensures satisfactory spacing to make a row of connectors act as a 
continuous line of stiffening for the flat sheet under most conditions (Winter, 1970; Yu, 
1991 ). 
02 Mixed Systems 
When cold-formed steel members are used in conjunction with other construction ma-
terials, the design requirements of the other material specifications also must be satisfied. 
03 Lateral Bracing 
Bracing design requirements were expanded in the 1986 Specification to include a gen-
eral statement regarding bracing for symmetrical beams and columns and specific require-
ments for the design of roof systems subjected to gravity load. These requirements are re-
tained in the 1996 Specification with some revisions of Section D3.2.2 for required number 
of braces. 
03.1 Symmetrical Beams and Columns 
There are no simple, generally accepted techniques for detennining the required 
strength and stiffness for discrete braces in steel construction. Winter (1960) offered a 
partial solution and others have extended this knowledge (Haussler, 1964; Haussler and 
Pahers, 1973; Lutz and Fisher, 1985; Salmon and Johnson, 1990; Yura, 1993; SSRC, 
1993). The design engineer is encouraged to seek out the stated references to obtain guid-
ance for design of a brace or brace system. 
03.2 C-Section and Z-Section Beams 
C-sections and Z-sections used as beams to support transverse loads applied in the 
plane of the web may twist and deflect laterally unless adequate lateral supports are pro-
vided. Section D3.2 of the Specification includes two subsections. The first subsection 
(Section D3 .2.1) deals with the bracing requirements when one flange of the beam is con-
nected to deck or sheathing material. The second subsection (Section D3.2.2) covers the 
requirements for spacing and design of braces, when neither flange of the beam is braced 
by deck or sheathing material. 
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03.2.1 Anchorage of Bracing for Roof Systems Under Gravity Load with 
Top Flange Connected to Sheathing 
In metal building roof systems, unless external restraint is provided, the system as a 
whole will tend to move laterally. This restraint or anchorage may consist of members 
attached to the purlin at discrete locations along the span and designed to carry forces 
necessary to restrain the system against lateral movement. The design rules for Z-pur-
lin supported roof systems are based on a first order, elastic stiffness model (Murray 
and Elhouar, 1985). For the design of lateral bracing, Specification Equations 
D3.2.1-1 through D3.2.1-6 can be used to determine the restraint forces for single-
span and multiple-span systems with braces at various locations. These design equa-
tions are written in terms of the cross sectional dimensions of the purlin, number of 
purlin lines, number of spans, span length for multiple-span systems, and the total 
load applied to the system. The accuracy of these design equations has been verified 
by Murray and Elhouar using their experimental results of six prototype and 33 quar-
ter-scale tests. 
In the 1986 edition of the AISI ASD Specification and the 1991 edition of the 
LRFD Specification, the brace force equations included in Section D3.2.1(b) were re-
stricted only to through-fastened roof systems. Results of seven single-span tests and 
six multiple-span tests of standing seam roof systems have shown that Specification 
Equations D3.2.1-1 through D3.2.1-6 are also applicable to standing seam roof sys-
tems (Rivard and Murray, 1986). In addition, Section D3.2.1 (b) of previous editions 
of the Specification required a diaphragm stiffness of the roof system of at least 2000 
Ib/in. (350 N/mm) for Z-sections. Because the maximum lateral displacement of the 
top flange with respect to the purlin reaction points is limited to not exceed L/360, the 
minimum requirement for a diaphragm stiffness is not needed. Therefore, this re-
quirement was eliminated in the 1996 edition of the Specification. 
03.2.2 Neither Flange Connected to Sheathing 
(a) Bracing of C-Section Beams 
If C-sections are used singly as beams, rather than being paired to form I-sec-
tions, they should be braced at intervals so as to prevent them from rotating in the 
manner indicated in Figure C-D3.2.2-1. Figure C-D3.2.2-2, for simplicity, 
shows two C-sections braced at intervals against each other. The situation is evi-
dently much the same as in the composite I-section of Figure C-Dl.1-2, except 
that the role of the connectors is now played by the braces. The difference is that 
the two C-sections are not in contact, and that the spacing of braces is generally 
considerably larger than the connector spacing. In consequence, each C-section 
may actually rotate very slightly between braces, and this will cause some addi-
tional stresses which superimpose on the usual, simple bending stresses. Bracing 
should be so arranged that: (1) these additional stresses are small enough not to 
reduce the load-carrying capacity of the C-section (as compared to what it would 
be in the continuously braced condition); and (2) rotations should be kept small 
enough to be unobjectionable of the order of 1 to 2 degrees. 
In order to develop information on which to base appropriate bracing provisions, 
different C-section shapes have been tested at Cornell University (Winter, 
1970). Each of these was tested with full, continuous bracing; without any brac-
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Figure C-03.2.2-1 Rotation of C-Section Beams 
Figure C-03.2.2-2 Two C-Sections Braced at Intervals Against Each Other 
ing; and with intermediate bracing at two different spacings. In addition to this 
experimental work, an approximate method of analysis was developed and 
checked against the test results. A condensed account of this was given by Win-
ter, Lansing and McCalley (1949b). It is indicated in that reference that the above 
requirements are satisfied for most distributions of beam load if between sup-
ports not less than three equidistant braces are placed (i.e., at quarter-points of 
the span, or closer). The exception is the case where a large part of the total load of 
the beam is concentrated over a short portion of the span; in this case an addition-
al brace should be placed at such a load. Correspondingly, previous editions of 
the AISI Specification (AISI, 1986; AISI, 1991) provided that the distance be-
tween braces shall not be greater than one-quarter of the span; it also defined the 
conditions under which an additional brace should be placed at a load concentra-
tion. 
For such braces to be effective it is not only necessary that their spacing be ap-
propriately limited; in addition, their strength should suffice to provide the force 
required to prevent the C-section from rotating. It is, therefore, necessary also to 
detennine the forces which will act in braces, such as those forces shown in Fig-
ure C-D3.2.2-3. These forces are found if one considers that the action of a load 
applied in the plane of the web (which causes a torque Qm) is equivalent to that 
same load when applied at the shear center (where it causes no torque) plus two 
forces P = QrnJd which, together, produce the same torque Qm. As is sketched in 
Figure C-D3.2.2-4, and shown in some detail by Winter, Lansing and McCalley 
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( 1949b), each half of the channel can then be regarded as a continuous beam 
loaded by the horizontal forces and supported at the brace points. The horizontal 
brace force is then, simply, the appropriate reaction of this continuous beam. The 
provisions of Specification Section D3.2.2 represent a simple and conservative 
approximation for determining these reactions, which are equal to the force PL 
which the brace is required to resist at each flange. 
!Q p=Qm 
d 
T --. m Q! S.C.--: 
d • 
vi ~ Vl .---
p=Qm 
d 
Figure C-03.2.2-3 Lateral Forces Applied to C-Section 
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Figure C-03.2.2-4 Half of C-Section Treated as a Continuous Beam Loaded 
by Horizontal Forces 
(b) Bracing of Z-Section Beams 
Most Z-sections are anti-symmetrical about the vertical and horizontal centroi-
dal axes, i.e. they are point-symmetrical. In view of this, the centroid and the 
shear center coincide and are located at the midpoint of the web. A load applied in 
the plane of the web has, then, no lever arm about the shear center (m = 0) and 
does not tend to produce the kind of rotation a similar load would produce on a 
C-section. However, in Z-sections the principal axes are oblique to the web (Fig-
ure C-D3.2.2-5). A load applied in the plane of the web, resolved in the direction 
of the two axes, produces deflections in each of them. By projecting these deflec-
tions onto the horizontal and vertical planes it is found that a Z-beam loaded ver-
tically in the plane of the web deflects not only vertically but also horizontally. If 
such deflection is permitted to occur then the loads, moving sideways with the 
beam, are no longer in the same plane with the reactions at the ends. In conse-
quence, the loads produce a twisting moment about the line connecting the reac-
tions. In this manner it is seen that a Z-beam, unbraced between ends and loaded 
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in the plane of the web, deflects laterally and also twists. Not only are these de-
formations likely to interfere with a proper functioning of the beam, but the addi-
tional stresses caused by them produce failure at a load considerably lower than 
when the same beam is used fully braced. 
2 -y 
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Figure C-D3.2.2-5 Principal Axis of Z-Section 
In order to develop information on which to base appropriate bracing provisions, 
tests have been carried out on three different Z-shapes at Cornell University, un-
braced as well as with variously spaced intermediate braces. In addition, an 
approximate method of analysis has been developed and checked against the test 
results. An account of this was given by Zetlin and Winter (1955b). Briefly, it is 
shown there that intennittently braced Z-beams can be analyzed in much the 
same way as intennittently braced channels. It is merely necessary, at the point of 
each actual vertical load Q, to apply a fictitious horizontal load P = Q(lxylIx). One 
can then compute the vertical and horizontal deflections, and the corresponding 
stresses, in conventional ways by utilizing the convenient axes x and y (rather 
than 1 and 2, Figure C-D3 .2.2-5), except that certain modified section properties 
have to be used. 
In this manner it has been shown that as to location of braces the same provisions 
which apply to C-sections are also adequate for Z-beams. Likewise, the forces in 
the braces are again obtained as the reactions of continuous beams horizontally 
loaded by fictitious loads P. 
(c) Spacing of Braces 
During the period from 1956 through 1996, the AISI Specification required that 
braces be attached both to the top and bottom flanges of the beam, at the ends and 
at intervals not greater than one--quarter of the span length, in such a manner as to 
prevent tipping at the ends and lateral deflection of either flange in either direc-
tion at intennediate braces. The lateral buckling equations provided in Specifica-
tion Section 3.1.2 can be used to predict the moment capacity of the member. Re-
cently, beam tests conducted by Ellifritt, Sputo and Haynes (1992) have shown 
that for typical sections, a mid-span brace may reduce service load horizontal 
deflections and rotations by as much as 80 percent when compared to a complete-
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ly unbraced beam. However, the restraining effect of braces may change the fail-
ure mode from lateral-torsional buckling to distortional buckling of the flange 
and lip at a brace point. The natural tendency of the member under vertical load is 
to twist and translate in such a manner as to relieve the compression on the lip. 
When such movement is restrained by intermediate braces, the compression on 
the stiffening lip is not relieved, and may increase. In this case, local distortional 
buckling may · occur at loads lower than that predicted by the lateral buckling 
equations of Specification Section C3.1.2. 
Research (Ellifritt, Sputo and Haynes, 1992) has also shown that the lateral buck-
ling equations of Specification Section C3.l.2 predict loads which are conserva-
tive for cases where one mid-span brace is used but may be unconservative 
where more than one intermediate brace is used. Based on such research findings, 
Section D3.2.2 of the Specification was revised in 1996 to eliminate the require-
ment of quarter-point bracing. It is suggested that, minimally, a mid-span brace 
be used for C-section and Z-section beams to control lateral deflection and rota-
tion at service loads. The lateral buckling strength should be determined by Spec-
ification Section C3.1.2 using the distance between center lines of braces "a" as 
the unbraced length of the member "L" in all design equations. In any case, the 
user is permitted to perform tests, in accordance with Specification Section Fl, as 
an alternative, or use a rigorous analysis which accounts for biaxial bending and 
torsion. 
Section D3.2.2 of the Specification provides the lateral forces for which these 
discrete braces must be designed. 
The Specification permits omission of discrete braces when all loads and reac-
tions on a beam are transmitted through members that frame into the section in 
such a manner as to effectively restrain the member against torsional rotation and 
lateral displacement. Frequently, this occurs in the end walls of metal buildings. 
03.3 Laterally Unbraced Box Beams 
Box beams are more laterally stable than single-web sections having the same 
depth/width ratio. Specification Section D3.3 specifies that when the ratio of the laterally 
unsupported length to the distance between the webs of the section (Lib) does not exceed 
0.086ElFy, the box sections can be used without any strength reduction to account for lat-
eral buckling. This design requirement is based on Winter's publications (Winter, 1944 
and 1970), which indicate that the failure stress in box beams is practically unaffected by 
lateral buckling up to Lib as high as 100 for a steel having a yield point of 33 ksi (228 
MPa). On the basis of this AISI design criterion, when the box beams are bent about the 
major axis, the laterally unsupported length should not exceed approximately 75 times 
the distance between webs for a steel with Fy = 33 ksi (228 MPa). This conservative de-
sign approach is identical with the previous edition of the AISI Specification. 
04 Wall Studs and Wall Stud Assemblies 
It is well known that column strength can be increased considerably by using adequate 
bracing, even though the bracing is relatively flexible. This is particularly true for those sec-
tions generally used as load-bearing wall studs which have large IxlIy ratios. 
Cold-fonned 1-, C-, Z-, or box-type studs are generally used in walls with their webs 
placed perpendicular to the wall surface. The walls may be made of different materials, such 
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as fiber board, pulp board, plywood, or gypsum board. If the wall material is strong enough 
and there is adequate attachment provided between wall material and studs for lateral support 
of the studs, then the wall material can contribute to the structural economy by increasing the 
usable strength of the studs substantially. 
In order to detennine the necessary requirements for adequate lateral support of the wall 
studs, theoretical and experimental investigations were conducted in the 1940s by Green, 
Winter, and Cuykendall (1947). The study included 102 tests on studs and 24 tests on a vari-
ety of wall material. Based on the findings of this earlier investigation, specific AISI provi-
sions were developed for the design of wall studs. 
In the 1970s, the structural behavior of columns braced by steel diaphragms was a spe-
cial subject investigated at Cornell University and other institutions. The renewed investiga-
tion of wall-braced studs has indicated that the bracing provided for studs by steel panels is of 
the shear diaphragm type rather than the linear type, which was considered in the 1947 study. 
Simaan (1973) and Simaan and Pekoz (1976), which are summarized by Yu (1991), contain 
procedures for computing the strength of C- and Z-section wall studs that are braced by 
sheathing materials. The bracing action is due to both the shear rigidity and the rotational 
restraint supplied by the sheathing material. The treatment by Simaan (1973) and Simaan and 
Pekoz (1976) is quite general and includes the case of studs braced on one as well as on both 
flanges. However, the provisions of Section D4 of the 1980 AISI Specification dealt only 
with the simplest case of identical sheathing material on both sides of the stud. For simplicity, 
only the restraint due to the shear rigidity of the sheathing material was considered. 
The 1989 Addendum to the AISI Specification included the design limitations from the 
Commentary and introduced stub column tests and/or rational analysis for the design of studs 
with perforations (Davis and Yu, 1972; Rack Manufacturers Institute, 1990). 
In 1996, the design provisions were revised to permit (a) all steel design and (b) sheath-
ing braced design of wall studs with either solid or perforated webs. For sheathing braced 
design, in order to be effective, sheathing must retain its design strength and integrity for the 
expected service life of the wall. Of particular concern is the use of gypsum sheathing in a 
moist environment. The values given in Table D4 of the Specification for gypsum are based 
on dry service conditions. 
04.1 Wall Studs in Compression 
The provisions in this Specification Section are given to prevent three possible 
modes of failure. Provision (a) is for column buckling between fasteners (Figure 
C-D4.1-1) even if one fastener is missing or otherwise ineffective. Provision (b) contains 
equations for critical stresses for overall column buckling (Figure C-D4.1-2). Essential 
to these provisions is the magnitude of the shear rigidity of the sheathing material. A table 
of values and an equation for determining the shear rigidity is provided in the Specifica-
tion. These values are based on the small scale tests described by Simaan (1973) and Si-
maan and Pekoz (1976). For other types of materials, the sheathing parameters can be de-
tennined by using the procedures described in these references. 
Provision (c) is to insure that the sheathing has sufficient distortion capacity. The 
procedure involves assuming a value of the ultimate stress and checking whether the 
shear strain at the load corresponding to the ultimate stress exceeds the permissible shear 
strain of the sheathing material. In principle, the procedure is one of successive approxi-
mations. However, if the smaller of Fe (provision (a» or OCR (provision (b» is tried and 
shown to be satisfactory, then the iteration is not needed. 
In the 1986 Specification, the Q-factor method for treating the local buckling ef-
fects was eliminated. The approach recommended was to find the overall buckling stress 
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Figure C-D4.1-2 Overall Column Buckling of Studs 
on the basis of the full unreduced section. The ultimate load was determined by multiply-
ing the buckling stress by the effective area determined at the buckling stress. 
VI-93 
VI-94 Commentary on the 1996 AISI Cold-Formed Steel Specification 
In the 1989 Addendum, the effective length factors Kx, Ky and Kt were eliminated 
from Equations D4.1-8, D4.1-1 0, and D4.1-11, respectively. This is consistent with the 
1980 Edition of the Specification. Inclusion of the effective length factors could lead to 
unconservative designs where both sheathing and strap or C-section bracing are present. 
The equations are based on tests with only sheathing as bracing. 
The approach of detennining effective areas in accordance with Specification Sec-
tion D4(a) is currently being used in the RMI Specification (Rack Manufacturers Insti-
tute, 1990) for the design of perforated rack columns and was verified extensively for 
such structures as reported by Pekoz (1988a). The validity of this approach for wall studs 
was verified in a Cornell University project on wall studs reported by Miller and Pekoz 
(1989 and 1994). 
The limitations included in Specification Section D4( a) for the size and spacing of 
perforations and the depth of studs are based on the parameters used in the test program. 
For sections with perforations which do not meet these limits, the effective area, Ae, can 
be detennined by stub column tests. 
In the Specification, the web is defined as the component element of the section 
perpendicular to the wall and the flange is parallel to the plane of the wall. 
Studs with sheathing on one flange only, or with unidentical sheathing on both 
flanges, or having rotational restraint that is not neglected, or having any combination of 
the above, can be designed in accordance with the same basic analysis principles used in 
deriving the provisions of this section (Simaan and Pekoz, 1976). 
It should be noted that in the 1996 edition of the AISI Specification, a constant safe-
ty factor of 1.80 is used for Sections D4.1 (a), D4.1 (b) and D4.1 (c) in order to be consistent 
with Section C4 for the design of concentrically loaded compression members. 
04.2 Wall Studs in Bending 
The design provisions for wall studs in bending of the 1986 Specification are re-
tained in the 1996 Specification, except that the footnote for unusual cases has been 
moved to Section D4.1 of the Commentary. It should be noted that the nominal flexural 
strength of wall studs is detennined by the "all steel design" approach neglecting the 
structural contribution of the attached sheathing material. 
04.3 Wall Studs With Combined Axial Load and Bending 
The general interaction equations of Specification Section C5 are also applicable 
to wall studs with the exception that the nominal flexural strength be evaluated by exclud-
ing lateral buckling considerations. 
05 Floor, Roof or Wall Steel Diaphragm Construction 
In building construction, it has been a common practice to provide a separate bracing 
system to resist horizontal loads due to wind load, blast force, or earthquake. However, steel 
floor and roof panels, with or without concrete fill, are capable of resisting horizontal loads in 
addition to the beam strength for gravity loads if they are adequately interconnected to each 
other and to the supporting frame. The effective use of steel floor and roof decks can there-
fore eliminate separate bracing systems and result in a reduction of building costs. For the 
same reason, wall panels can provide not only enclosure surface and support normal loads, 
but they can also provide diaphragm action in their own planes. 
The structural performance of a diaphragm construction can be evaluated by either cal-
culations or tests. Several analytical procedures exist, and are summarized in the literature 
(Steel Deck Institute, 1988; Department of Army, 1985; and ECCS, 1977). Tested perfor-
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mance is measured by the procedures of the Standard Method for Static Load Testing of 
Framed Floor, Roof and Wall Diaphragm Construction for Buildings, ASTM E455. A gener-
al discussion of structural diaphragm behavior is given by Yu (1991). 
The factors of safety and resistance factors required in the Specification are based on 
statistical studies of the nominal and mean resistances from full scale tests (Steel Deck Insti-
tute, 1981). The study concluded that the quality of mechanical connectors is easier to control 
than welded connections. The variation in the strength of mechanical connectors is smaller 
than that for welded connections, and their performance is more predictable. Therefore, a 
smaller factor of safety, or larger resistance factor, is justified for mechanical connections. 
The factors of safety for earthquake loading are slightly larger than those for wind due to 
the ductility demands required by seismic loading. Factors of safety for load combinations 
not involving wind or seismic load should be greater than those involving wind and seismic 
loads, thus the Specification provides for appropriate factors of safety. Resistance factors 
have been determined accordingly. 
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E. CONNECTIONS AND JOINTS 
E 1 General Provisions 
Welds, bolts, screws, rivets, and other special devices such as metal stitching and adhe-
sives are generally used for cold-formed steel connections (Brockenbrough, 1995). The 
1996 edition of the AISI Specification contains provisions in Chapter E for welded connec-
tions, bolted connections, and screw connections. Among the above three commonly used 
types of connections, the design provisions for using screws were developed in 1993 and are 
now included in the current Specification for the first time. The following brief discussions 
deal with the applications of rivets and other special devices: 
(a) Rivets 
While hot rivets have little application in cold-formed steel construction, cold rivets 
find considerable use, particularly in special forms, such as blind rivets (for application 
from one side only), tubular rivets (to increase bearing area), high shear rivets, and ex-
plosive rivets. For the design of connections using cold rivets, the AISI provisions for 
bolted connections may be used as a general guide, except that the shear strength of riv-
ets may be quite different from that of bolts. Additional design information on the 
strength of rivets should be obtained from manufacturers or from tests. 
(b) Special devices 
Special devices include: (1) metal stitching, achieved by tools that are special develop-
ments of the common office stapler, and (2) connecting by means of special clinching 
tools that draw the sheets into interlocking projections. 
Most of these connections are proprietary devices for which information on strength of 
connections must be obtained from manufacturers or from tests carried out by or for the 
user. Guide] ines provided in Specification Chapter F are to be used in these tests. 
The plans and/or specifications are to contain adequate information and design require-
ment data for the adequate detailing of each connection if each connection is not de-
tailed on the engineering design drawings. 
In the 1996 edition of the AISI Specification, the ASD design provisions for welded and 
bolted connections were based on the 1986 edition of the Specification with some revisions 
and additions to be discussed in subsequent sections, while the LRFD provisions were based 
on the 1991 edition of the Specification. As far as the LRFD method is concerned, the resis-
tance factors were derived for a target reliability index Po = 3.5 for the connections subjected 
to gravity loading. For the tensile strength of connectors used to join roof decks and wall 
panels to purlins and girts, two cases were considered in the determination of <P factors, i.e., 
(1) 1.2D + 1.6L with ~o = 3.5, and (2) 1.17W - 0.9D with Po = 2.5. Case (2) represents the 
counteracting loads acting according to load combination (6) of Specification Section A6.1.2 
with a reduction factor 0.9 applied to the load factor for the nominal wind load on the basis of 
the exception clause of Section A6.1.2 (AISI, 1996). Screws loaded by wind uplift can also 
be designed for a target reliability index Po = 2.5. Other statistical data for developing the 
AISI LRFD criteria for connections were documented by Hsiao, Yu and Galambos (1998a) 
and summarized in the AISI LRFD Design Manual (AISI, 1991) 
E2 Welded Connections 
Welds used for cold-formed steel construction may be classified as fusion welds (or arc 
welds) and resistance welds. Fusion welding is used for connecting cold-formed steel mem-
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bers to each other as well as connecting such members to heavy, hot-rolled steel framing 
(such as floor panels to beams of the steel frame). It is used in groove welds, arc spot welds, 
arc seam welds, fillet welds, and flare groove welds. 
The design provisions contained in this Specification section for fusion welds have been 
based primarily on experimental evidence obtained from an extensive test program con-
ducted at Cornell University. The results of this program are reported by Pekoz and McGuire 
(1979) and summarized by Yu (1991). All possible failure modes are covered in the present 
provisions, whereas the earlier provisions mainly dealt with shear failure. 
For most of the connection tests reported by Pekoz and McGuire (1979), the onset of 
yielding was either poorly defined or followed closely by failure. Therefore, in the provi-
sions of this section, rupture rather than yielding is used as a more reliable criterion of failure. 
In addition, the Cornell research has provided the experimental basis for the AWS 
Structural Welding Code for Sheet Steel (AWS, 1989). In most cases, the provisions of the 
A WS code are in agreement with this Specification section. 
The welded connection tests, which served as the basis of the provisions given in Speci-
fication Sections E2.1 through E2.5, were conducted on sections with single and double 
sheets. See Specification Figure E2.2. The largest total sheet thickness of the cover plates was 
approximately 0.15 inch (3.81 mm). However, within the AISI Specification, the validity of 
the equations was extended to welded connections in which the thickness of the thinnest con-
nected part is 0.18 inch (4.57 mm) or less. For arc spot welds, the maximum thickness of a 
single sheet (Specification Figure E2.2(C» and the combined thickness of double sheets 
(Specification Figure E2.2(D» are set at 0.15 inch (3.81 mm). 
The terms used in this Specification section agree with the standard nomenclature given 
in the AWS Welding Code for Sheet Steel (AWS, 1989). 
For design tables and example problems on welded connections, see Part IV of the De-
sign Manual (AISI, 1996). 
E2.1 Groove Welds in Butt Joints 
The design equations for determining nominal strength for groove welds in butt 
joints have been taken from the AISC LRFD Specification (AISC, 1993). Therefore, the 
AISC definition for the effective throat thickness, fe, is equally applicable to this section 
of the Specification. 
E2.2 Arc Spot Welds 
Arc spot welds (puddle welds) used for connecting thin sheets are similar to plug 
welds used for relatively thicker plates. The difference between plug welds and arc spot 
welds is that the former are made with prepunched holes, but for the latter no prepunched 
holes are required. Instead, a hole is burned in the top sheet by the arc and then filled with 
weld metal to fuse it to the bottom sheet or a framing member. 
E2.2.1 Shear 
The Cornell tests (Pekoz and McGuire, 1979) identified four modes of failure for 
arc spot welds, which are addressed in this Specification section. They are: (I) shear 
failure of welds in the fused area, (2) tearing of the sheet along the contour of the weld 
with the tearing spreading the sheet at the leading edge of the weld, (3) sheet tearing 
combined with buckling near the trailing edge of the weld, and (4) shearing of the 
sheet behind weld. It should be noted that many failures, particularly those of the plate 
tearing type, may be preceded or accompanied by considerable inelastic out~f-plane 
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deformation of the type indicated in Figure C-E2.2-1. This form of behavior is similar 
to that observed in wide, pin-connected plates. Such behavior should be avoided by 
closer spacing of welds. When arc spot welds are used to connect two sheets to a fram-
ing member as shown in Specification Figure E2.2(D), consideration should also be 
given to the possible shear failure between thin sheets. 
Figure C-E2.2-1 Out of Plane Distortion of Welded Connection 
The thickness limitation of 0.15 inch (3.81 mm) is due to the range of the test pro-
gram that served as the basis of these provisions. On sheets below 0.028 inch (0.711 
mm) thick, weld washers are required to avoid excessive burning of the sheets and, 
therefore, inferior quality welds. 
As compared with previous editions of the Specification, several minor revisions 
were made in the 1996 Specification concerning the determination of the nominal 
shear strength of welds (Specification Equation E2.2.1-1) and the limiting FulFsy ra-
tios for using Specification Equations E2.2.1-6a and E2.2.1-6b. Specification Equa-
tion E2.2.1-1 was revised to be consistent with the research report (Pekoz and 
McGuire, 1979), and the limiting FulFsy ratios were changed to be consistent with 
Specification Section A3.3.1. 
E2.2.2 Tension 
For tensile capacity of arc spot welds, the design provisions in the 1989 Addendum 
were based on the tests reported by Fung (1978) and the study made by Albrecht 
(1988). Those provisions were limited to sheet failure with restrictive limitations on 
material properties and sheet thickness. These design criteria were revised in 1996 be-
cause the recent tests conducted at the University of Missouri-Rolla (LaBoube and 
Yu, 1991 and 1993) have shown that two potential limit states may occur. The most 
common failure mode is that of sheet tearing around the perimeter of the weld. This 
failure condition was found to be influenced by the sheet thickness, the average weld 
diameter, and the material tensile strength. In some cases, it was found that tensile fail-
ure of the weld can occur. The strength of the weld was determined to be a function of 
the cross-section of the fused area and tensile strength of the weld material. Tests (La-
Boube and Yu, 1991 and 1993) have also shown that when reinforced by a weld wash-
er, thin sheet weld connections can achieve the design strength given by Equations 
E2.2.2-2 and E2.2.2-3 using the thickness of the thinner sheet. 
The equations given in the Specification were derived from the tests for which the 
applied tension load imposed a concentric load on the weld, as would be the case, for 
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example, for the interior welds on a roof system subjected to wind uplift. Welds on the 
perimeter of a roof or floor system would experience an eccentric tensile loading due 
to wind uplift. Tests have shown that as much as a 50 percent reduction in nominal 
connection strength could occur because of the eccentric load application (LaBoube 
and Yu, 1991 and 1993). Eccentric conditions may also occur at connection laps de-
picted by Figure C-E2.2-2. 
Lap Connection 
Beam 
Figure C-E2.2-2 Interior Weld, Exterior Weld and Lap Connection 
At a lap connection between two deck sections as shown in Figure C-E2.2-2, the 
length of the un stiffened flange and the extent of the encroachment of the weld into the 
unstiffened flange have a measurable influence on the strength of the welded connec-
tion (LaBoube and Yu, 1991). The Specification recognizes the reduced capacity of 
this connection detail by imposing a 30 percent reduction on the calculated nominal 
strength. 
E2.3 Arc Seam Welds 
The general behavior of arc seam welds is similar to that of arc spot welds. No sim-
ple shear failures of arc seam welds were observed in the Cornell tests (Pekoz and 
McGuire, 1979). Therefore, Specification Equation E2.3-1, which accounts for shear 
failure of welds, is adopted from the AWS welding provisions for sheet steel (AWS, 
1989). 
Equation E2.3-2 is intended to prevent failure by a combination of tensile tearing 
plus shearing of the cover plates. 
E2.4 Fillet Welds 
For fillet welds on the lap joint specimens tested in the Cornell research (Pekoz and 
McGuire, 1979), the dimension, WI, of the leg on the sheet edge generally was equal to the 
sheet thickness; the other leg, W2, often was two or three times longer than WI (See Speci-
fication Figure E2.4(A). In connections of this type, the fillet weld throat commonly is 
larger than the throat of a conventional fillet welds of the same size. Usually ultimate fail-
ure of fillet welded joints has been found to occur by the tearing of the plate adjacent to the 
weld, See Figure C-E2.4-1. 
In most cases, the higher strength of the weld material prevents weld shear failure, 
therefore, the provisions of this Specification section are based on sheet tearing. Because 
specimens up to 0.15 inch (3.81 mm) thickness were tested in the Cornell research (Pekoz 
and MGuire, 1979), the last provision in this section is to cover the possibility that for 
sections thicker than 0.15 inch (3.81 nun), the throat dimension may be less than the 




a. Transverse Fillet 
Sheet Tear 
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b. Longitudinal Fillet 
Sheet Tear 
Figure C-E2.4-1 Fillet Weld Failure Modes 
E2.5 Flare Groove Welds 
The primary mode of failure in cold-formed steel sections welded by flare groove 
welds, loaded transversely or longitudinally, also was found to be sheet tearing along the 
contour of the weld. See Figure C-E2.S-1. 
Transverse Sheet Tear Longitudinal Sheet Tear 
Figure C-E2.S-1 Flare Groove Weld Failure Modes 
Except for Specification Equation E2.S-4, the provisions of this Specification sec-
tion are intended to prevent shear tear failure. Equation E2.S-4 covers the possibility that 
thicker sections may have effective throats less than the thickness of the channel and weld 
failure may become critical. 
In the 1996 edition of the Specification, the former Figure E2.S(D) was replaced by 
four new drawings to describe in more detail the different possible flare bevel groove 
weld uses. Figures E2.S(D) and E2.S(E) show the condition where the weld is filled flush 
to the surface. This weld is a prequalified weld in AWS D1.1-96 (AWS, 1996) which 
provides the definition of the effective throat for this type of weld. The distinction of 
double and single shear requirements in the Specification for flare groove welds is indi-
cated on these figures. Figures E2.S(F) and E2.5(G) show flare bevel groove welds which 
are frequently used in cold-formed steel construction in which the weld is not filled flush 
to the surface. The vertical leg of the weld can either be greater, Figure E2.5(F), or less, 
Figure E2.5(G), than the radius of outside bend surface. The definition of the horizontal 
leg of the weld in each case is slightly different as indicated. No change was needed in the 
Specification requirements from previous editions except in the definitions of the effec-
tive throat for use in Specification Equation E2.5-4. 
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E2.6 Resistance Welds 
The shear values listed for outside sheets of 0.125 inch (3.22 mm) or less in thick-
ness are based on "Recommended Practice for Resistance Welding Coated Low-Carbon 
Steels," AWS C 1.3-70, (Table 2.1 - Spot Welding Galvanized Low-Carbon Steel). Shear 
values for outside sheets thicker than 0.125 inch (3.22 mm) are based upon "Recom-
mended Practices for Resistance Welding," AWS C 1.1-66, (Table 1.3 - Pulsation Weld-
ing Low-Carbon Steel) and apply to pulsation welding as well as spot welding. They are 
applicable for all structural grades oflow~arbon steel, uncoated or galvanized with 0.90 
oz/ft2 (2.7N/m2) of sheet, or less, and are based on values selected from A WS C 1.3-70, 
Table 2.1; and AWS C 1.1-66, Table 1.3. Values for intermediate thicknesses may be ob-
tained by straight-line interpolation. The above values may also be applied to medium 
carbon and low-alloy steels. Spot welds in such steels give somewhat higher shear 
strengths than those upon which the above values are based; however, they may require 
special welding conditions. In all cases, welding shall be performed in accordance with 
AWS C1.3-70 and AWS C1.1-66 (AWS, 1966 and 1970). 
E3 Bolted Connections 
The structural behavior of bolted connections in cold-formed steel construction is 
somewhat different from that in hot-rolled heavy construction, mainly because of the thin-
ness of the connected parts. Prior to 1980, the provisions included in the AISI Specification 
for the design of bolted connections were developed on the basis of the Cornell tests (Winter, 
1956a, 1956b). These provisions were updated in 1980 to reflect the results of additional re-
search performed in the United States (Yu, 1982) and to provide a better coordination with 
the specifications of the Research Council on Structural Connections (RCSC, 1980) and the 
AISC (1978). In 1986, design provisions for maximum size of bolt holes and the allowable 
tension stress for bolts were added in the AISI Specification (AISI, 1986). In the 1996 edition 
of the Specification, minor changes of the factors of safety were made for computing the 
nominal tensile and shear strengths of bolts. The allowable tension stress for the bolts subject 
to the combination of shear and tension is determined by the equations provided in Specifica-
tion Table E3.4-2 with the applicable factor of safety. 
(a) Scope 
Previous studies and practical experiences have indicated that the structural behavior of 
bolted connections used for joining relatively thick cold-formed steel members is simi-
lar to that for connecting hot-rolled shapes and built-up members. The AISI Specifica-
tion criteria are applicable only to cold-formed steel members or elements less than 
3/16 inch (4.76 mm) in thickness. For materials not less than 3/16 inch (4.76 mm), refer-
ence is made to the AISC Specification (AISe, 1989 and 1993). 
Because of lack of appropriate test data and the use of numerous surface conditions, this 
Specification does not provide design criteria for sli~ritical (also called friction-type) 
connections. When such connections are used with cold-formed members where the 
thickness of the thinnest connected part is less than 3/16 inch (4.76 mm), it is recom-
mended that tests be conducted to confirm their design capacity. The test data should 
verify that the specified design capacity for the connection provides a sufficient safety 
against initial slip at least equal to that implied by the AISC provisions. In addition, the 
safety against ultimate capacity should be at least equal to that implied by this Specifica-
tion for bearing-type connections. 
The Specification provisions apply only when there are no gaps between plies. The de-
signer should recognize that the connection of a rectangular tubular member by means 
ofbolt(s) through such members may have less strength than ifno gap existed. Structur-
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al performance of connections containing unavoidable gaps between plies would re-
quire tests in accordance with Specification Section Fl. 
(b) Materials 
This section lists five different types of fasteners which are normally used for cold-
formed steel construction. In view of the fact that A325 and A490 bolts are available 
only for diameters of 112 inch (12.7 mm) and larger, A449 and A354 Grade BD bolts 
should be used as an equivalent of A325 and A490 bolts, respectively, whenever smaller 
bolts (less than 112 inch (12.7 nun) in diameter) are required. 
During recent years, other types of fasteners, with or without special washers, have been 
widely used in steel structures using cold-formed steel members. The design of these 
fasteners should be determined by tests in accordance with Chapter F of this Specifica-
tion. 
(c) Bolt Installation 
Bolted connections in cold-formed steel structures use either mild or high-strength 
steel bolts and are designed as a bearing-type connection. Bolt pretensioning is not re-
quired because the ultimate strength of a bolted connection is independent of the level of 
bolt preload. Installation must ensure that the bolted assembly will not come apart dur-
ing service. Experience has shown that bolts installed to a snug tight condition do not 
loosen or "back-off' under normal building conditions and not subject to vibration or 
fatigue. 
Bolts in slip-critical connections, however, must be tightened in a manner which as-
sures the development of the fastener tension forces required by the Research Council 
on Structural Connections (1985 and 1988) for the particular size and type of bolts. 
Turn-of -nut rotations specified by the Research Council on Structural Connections 
may not be applicable because such rotations are based on larger grip lengths than are 
encountered in usual cold-formed construction. Reduced turn-of-the-nut values 
would have to be established for the actual combination of grip and bolt. A similar test 
program (RCSC, 1985 and 1988) could establish a cut-off value for calibrated 
wrenches. Direct tension indicators (ASTM F959), whose published clamping forces 
are independent of grip, can be used for tightening slip-critical connections. 
(d) Hole Sizes 
In Specification Table E3, the maximum size of holes for bolts having diameters not less 
than 1/2 inch (12.7 mm) is based on Table 1 of the Research Council on Structural Con-
nections (1985 and 1988), except that for the oversized hole diameter, a slightly larger 
hole diameter is permitted. 
For bolts having diameters less than 112 inch (12.7 mm), the diameter of a standard hole 
is the diameter of bolt plus 1/32 inch (0.794 mm). This maximum size of bolt holes is 
based on previous editions of the AISI Specification. 
The inclusion of the design information in Specification Table E3 for oversized and 
slotted holes is because such holes are often used in practice to meet dimensional toler-
ances during erection. However, when using oversized holes care must be exercised by 
the designer to ensure that excessive deformation due to slip will not occur at working 
loads. Excessive deformations which can occur in the direction of the slots may be pre-
vented by requiring bolt pretensioning. 
Short-slotted holes are usually treated in the same manner as oversized holes. Washers 
or backup plates should be used over oversized or short-slotted holes in an outer ply 
unless suitable performance is demonstrated by tests. For connections using long-
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slotted holes, Specification Section E3.4 requires the use of washers or back-up plates 
and that the shear capacity of bolts be determined by tests because a reduction in 
strength may be encountered. 
E3.1 Shear, Spacing and Edge Distance 
The AISI provisions for minimum spacing and edge distance were revised in 1980 
to include addition~l design requirements for bolted connections with standard, over-
sized, and slotted holes. The minimum edge distance of each individual connected part, 
emio, is determined by using the tensile strength of steel (Fu) and the thickness of con-
nected part. According to the different ranges of the FulFsy ratio, two different factors of 
safety are used for determining the required minimum edge distance. These design provi-
sions are based on the following basic equation established from the test results: 
P e =-
Fut 
in which e is the required minimum edge distance to prevent shear failure of the connected 
part for a force, P, transmitted by one bolt, and t is the thickness of the thinnest connected 
part. For design purpose, a factor of safety of2.0 was used for FulFsy 2: 1.08, and 2.22 for 
FulFsy < 1.08, according to the degree of correlation between the above equation and the 
test data. As a result, whenever FulFsy 2: 1.08, the AISI requirement is the same as the 
AISC specification. In addition, several requirements were added to the AISI Specifica-
tion in 1980 concerning (1) the minimum distance between centers of holes, as required 
for installation of bolts, (2) the required clear distance between edges of two adjacent 
holes, and (3) the minimum distance between the edge of the hole and the end of the mem-
ber. The same design provisions were retained in the 1986 Specification and are also used 
in the 1996 Specification, except that the limiting FulFsy ratio has been reduced from 1.15 
to 1.08 for the consistency with Specification Section A3.3.1. The test data used for the 
development of Equation C-E3.1-1 are documented by Winter (1956a and 1956b) and 
Yu (1982, 1985, and 1991). 
E3.2 Tension in Each Connected Part 
In the AISI Specification, the nominal tensile strength, Pn, on the net section of 
connected parts is based on the loads determined by Specification Sections C2 and E3.2, 
whichever is smaller. In the use of the equations provided in Section E3.2, the following 
design features should be noted: 
1. The provisions are applicable only to the thinnest connected part less than 3/16 inch 
(4.76 mm) in thickness. For materials thicker than 3/16 inch (4.76 mm), the allow-
able tension stress for the ASD method is determined by the AISC Specification 
(1989), and the design tensile strength for the LRFD method is determined by the 
AISC Specification (1993). 
2. The nominal tensile strength Po on the net section of a connected member is deter-
mined by the tensile strength of the connected part (Fu), and the ratios of "r" and 
"dis." 
3. Different equations are given for bolted connections with and without washers 
(Chong and Matlock, 1974). 
4. The nominal tensile strength on the net section of a connected member is based on 
the type of joint, either a single shear lap joint or a double shear butt joint. 
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E3.3 Bearing 
The available test data have shown that the bearing strength of bolted connections 
depends on several conditions, such as the tensile strength and thickness of the connected 
parts, joints with single shear or double shear conditions, the FulFsy ratio, and the use of 
washers (Winter, 1956a and 1956b; Yu, 1982 and 1991; Chong and Matlock, 1974). The 
nominal bearing strengths between the connected parts are given in Specification Tables 
E3.3-1 and E3.3-2 according to different conditions. The allowable bearing strength can 
be determined by the nominal bearing strength and a factor of safety of 2.22 for the ASD 
method. For the LRFD method, the resistance factors are provided in the tables for differ-
ent types of joints and FulFsy ratios. It should be noted that in the 1996 edition of the Speci-
fication, the limiting value of FylFsy used in Specification Tables E3.3-1 and E3.3-2 was 
also changed from 1.15 to 1.08 in order to be consistent with Section A3.3.1 of the Specifi-
cation. 
E3.4 Shear and Tension in Bolts 
For the design of bolted connections, the allowable shear stresses for bolts have 
been provided in the AISI Specification for cold-formed steel design since 1956. Howev-
er, the allowable tension stresses were not provided in Section E3.4 for bolts subject to 
tension until 1986. In Specification Table E3.4-1, the allowable stresses specified for 
A307 (d ~ 112 inch (12.7 mm», A325, and A490 bolts were based on Section 1.5.2.1 of 
the AISC Specification (1978). It should be noted that the same values are also used in 
Table 13.2 of the current AISC ASD Specification (1989). For A307, A449, and A354 
bolts with diameters less than 1I2-inch (12.7 mm), the allowable tension stresses were 
reduced by 10 percent, as compared with these bolts having diameters not less than 1/2 
inch (12.7 mm), because the average ratio of (tensile-stress area)/(gross-area) for 
1I4-inch (6.35 mm) and 3/8-inch (9.53 mm) diameter bolts is 0.68, which is about 10 
percent less than the average area ratio of 0.75 for 1I2-inch (12.7 mm) and I-inch (25.4 
mm) diameter bolts. In the AISI ASDILRFD Specification (1996), Table E3.4-1 provides 
nominal tensile strengths for various types of bolts with applicable factors of safety. The 
allowable tension stresses computed from Fnt/a are approximately the same as that per-
mitted by the 1986 ASD Specification. The same table also gives the resistance factor to 
be used for the LRFD method. 
The design provisions for bolts subject to a combination of shear and tension were 
added in Specification Section E3.4 in 1986. The design equations given in the Specifica-
tion were based on Section 1.6.3 of the AISC Specification (1978) for the design of bolts 
used for bearing-type connections. The design equations used for A354, A449, and A307 
bolts with d < 1/2 inch (12.7 mm) were derived from the following equation for the ASD 
method: 










reduced allowable tension stress for bolts subject to a combination of shear 
and tension 
allowable tension stress for bolts subject only to tension 
1.8 for threads not excluded from shear planes 
1.4 for threads excluded form shear planes 
fv = shear stress in bolt 
In 1996, when the allowable stress design and load and resistance factor design 
provisions were combined in the AISI ASDILRFD Specification, the equations for deter-
(C-E3.4-l) 
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mining the reduced nominal tension stress, F' nh for bolts subject to the combination of 
shear and tension were included in Specification Tables E3.4-2 and E3.4-3 for the ASD 
and LRFD method, respectively. In addition, Tables E3.4-4 and E3.4-5 were included for 
using SI units. 
It should be noted that Specification Table E3.4-2 also provides two factors of 
safety for the ASD method. Table E3.4-3 includes a resistance factor for the LRFD meth-
od. The use of the given equations with the applicable factors of safety and the resistance 
factor provides similar design values as permitted in previous Specifications (AISI, 1986 
and 1991). 
For bolted connection design, the possibility of pullover of the connected sheet at 
the bolt head, nut, or washer should also be considered when bolt tension is involved, es-
pecially for thin sheathing material. For unsymmetrical sections, such as C- and Z-sec-
tions used as purlins or girts, the problem is more severe because of the prying action re-
sulting from rotation of the member which occurs as a consequence of loading normal to 
the sheathing. The designer should refer to applicable product code approvals, product 
specifications, other literature, or tests. 
For design tables and example problems on bolted connections, see Part IV of the 
Design Manual (AISI, 1996). 
E4 Screw Connections 
Results of over 3500 tests worldwide were analyzed to formulate screw connection pro-
visions (Pekoz, 1990). European Recommendations (1987) and British Standards (1992) 
were considered and modified as appropriate. Since the provisions apply to many different 
screw connections and fastener details, a greater degree of conservatism is implied than is 
otherwise typical within this Specification. These provisions are intended for use when a suf-
ficient number of test results is not available for the particular application. A higher degree of 
accuracy can be obtained by testing any particular application (AISI, 1992). 
Proper installation of screws is important to achieve satisfactory performance. Power 
tools with adjustable torque controls and driving depth limitations are usually used. 
Screw connection tests used to formulate the provisions included single fastener speci-
mens as well as multiple fastener specimens. However, it is recommended that at least two 
screws should be used to connect individual elements. This provides redundancy against un-
der-torquing, over-torquing, etc., and limits lap shear connection distortion offlat unformed 
members such as straps. 
For the convenience of designers, Table C-E4-1 gives the correlation between the com-
mon number designation and the nominal diameter for screws. See Figure C-E4-1 for the 
measurement of nominal diameters. 
E4.1 Minimum Spacing 
Minimum Spacing is the same as specified for bolts. 
E4.2 Minimum Edge and End Distance 
Tests have shown that screw connections loaded in shear will almost always exhib-
it edge failure when the distance from the center of the screw to the free edge is less than 
three times the diameter of the screw. 
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Table C-E4-1 Nominal Diameter for Screws 
Number Nominal Diameter, d 
Designation in. mm 
0 0.060 1.52 
1 0.073 1.85 
2 0.086 2.18 
3 0.099 2.51 
4 0.112 2.84 
5 0.125 3.18 
6 0.138 3.51 
7 0.151 3.84 
8 0.164 4.17 
10 0.190 4.83 
12 0.216 5.49 
114 0.250 6.35 
t -~-
t ~ 
Figure C-E4-1 Nominal Diameter for Screws 
E4.3 Shear 
E4.3.1 Connection Shear 
Screw connections loaded in shear can fail in one mode or in combination of sever-
al modes. These modes are screw shear, edge tearing, tilting and subsequent pull-out 
of the screw, and bearing of the joined materials. 
Tilting of the screw followed by threads tearing out of the lower sheet reduces the 











Spec. Eq. E4.3.1-3 
Figure C-E4.3-1 Comparison of Tilting and Bearing 
These provisions are focused on the tilting and bearing failure modes. Two cases 
are given depending on the ratio of thicknesses of the connected members. Nonnally, 
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the head of the screw will be in contact with the thinner material as shown in Figure 
C-E4.3-2. However, when both members are the same thickness, or when the thicker 






Pns = 2.7 t1dFU1 or 
Pns = 2.7 t2dFU2 




Figure C-E4.3-3 Design Equations for t2/t1 ~ 1.0 
It is necessary to determine the lower bearing capacity of the two members based 
on the product of their respective thicknesses and tensile strengths. 
E4.3.2 Shear in Screws 
Shear strength of the screw fastener itself should be known and documented from 
testing. Screw strength should be well established and published by the manufacturer. 
In order to avoid the brittle and sudden nature of screw shear fracture, Specification 
Section E4.3.2 requires that the shear strength of the screw itself to be not less than 
1.25 times the shear strength determined from Specification Section E4.3.1. 
E4.4 Tension 
Screw connections loaded in tension can fail either by pulling out of the screw from 
the plate (pull-out) or pulling of material over the screw head and the washer, if a washer 
is present, (pull-over) or by tensile fracture of the screw. The serviceability concerns of 
gross distortion are not covered by the equations given in Specification Section E4.4. 
Diameter and rigidity of the fastener head assembly as well as sheet thickness and 
tensile strength have a significant effect on the pull-over failure load of a connection. 
There are a variety of washers and head styles in use. Washers must be at least .050 
inch (1.27 mm) thick to withstand bending forces with little or no deformation. 
E4.4.1 Pull-Out 
For the limit state of pull -out, Specification Equation E4.4.1-1 was derived on the 
basis of the modified European Recommendations and the results of a large number of 
tests. The statistic data on pull-out design considerations were presented by Pekoz 
1990). 
E4.4.2 Pull-Over 
For the limit state of pull-over, Specification Equation E4.4.2-1 was derived on 
the basis of the modified British Standard and the results of a series of tests as reported 
by Pekoz (1990). 
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E4.4.3 Tension in Screws 
Tensile strength of the screw should also be known and documented from testing. 
In order to prevent the brittle and sudden tensile fracture of the screw, the tensile 
strength of the screw must not be less than 1.25 times the lesser of the pull-out strength 
and the pull-over strength. 
E5 Shear Rupture 
Connection tests conducted by Birkemoe and Gilmor (1978) have shown that on coped 
beams a tearing failure mode as shown in Figure C-E5-1 can occur along the perimeter of the 
holes. The provisions provided in Specification Section ES for shear rupture have been 
adopted from the AISC Specification (AISC, 1978). These provisions are considered to yield 
a conservative estimate of the rupture capacity at the coped end of a beam by neglecting the 
contribution of the tensile area. For additional design information on tension rupture strength 
and block shear rupture strength of connections (Figures C-ES-1 and C-ES-2), refer to the 
AISC Specifications (AISC, 1989 and 1993). 
Failure by tearing 




Failure by tearing 
out of shaded 
portion 
Figure C-ES-1 Failure Modes for Block Shear Rupture 










Figure C-ES-2 Block Shear Rupture in Tension 
E6 Connections to Other Materials 
ES.1 Bearing 
The design provisions for the nominal bearing strength on concrete have been 
adopted from the first edition of the AISC LRFD Specification (AISC, 1986). The same 
design criteria are being used in the current AISI Specification (AISI, 1996). 
ES.2 Tension 
This Section is included in the Specification to raise the awareness of the design 
engineer regarding tension on fasteners and the connected parts. 
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E6.3 Shear 
This Specification Section has been included to raise the awareness of the design 
engineer. 
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F. TESTS FOR SPECIAL CASES 
All tests for (1) the determination and confirmation of structural performance and (2) 
the determination of mechanical properties must be made by an independent testing labora-
tory or by a manufacturer's testing laboratory. Information on tests for cold-formed steel dia-
phragms can be found in Design of Light Gage Steel Diaphragms CAISI, 1967). A general 
discussion of structural diaphragms is given in Cold-Formed Steel Design CYu, 1991). 
F1 Tests for Determining Structural Performance 
This Specification section makes provisions for proof of structural adequacy by load 
tests. This section is restricted to cases where calculation of the safe strength cannot be made 
in accordance with the provisions of the Specification. 
There are in cold-formed steel (as in other kinds of structures) perfectly acceptable and 
safe types of construction whose composition or configuration are not covered by provisions 
of the Specification. Their performance and adequacy, therefore, cannot be demonstrated by 
reference to the Specification. For example, apart from those methods of connection covered 
in the Specification, a number of other means of connecting are in use. The fact that these are 
not specifically covered in the Specification is not intended to exclude their use. However, 
since structures so connected cannot be calculated according to the Specification (at least as 
to strength of connections), tests according to Chapter F are the only means of supplying 
proof of structural adequacy. Other similar examples could be cited. 
F1.1 Load and Resistance Factor Design 
The determination of load-carrying capacity of the tested elements, assemblies, 
connections, or members is based on the same procedures used to calibrate the LRFD de-
sign criteria, for which the <t> factor can be computed from Equation C-A6.1.2-5. The 
correction factor Cp is used in Specification Equation Fl.1-2 for determining the <I> factor 
to account for the influence due to a small number of tests (Pekoz and Hall, 1988b and 
Tsai, 1992). It should be noted that when the nUITtber of tests is large enough, the effect of 
the correction factor is negligible. In the 1996 edition of the AISI Specification, Equation 
Fl.1-3 was revised because the old formula for Cp could be unconservative for combina-
tions of a high Vp and a small sample size (Tsai, 1992). This revision enables the reduc-
tion of the minimum number of tests from four to three identical specimens. Consequent-
1y' the ± 100/0 deviation limit was relaxed to ± 15%. The use of Cp with a minimum Vp 
reduces the need for this restriction. In Specification Equation Fl.1-3, a numerical value 
ofCp = 5.7 was found for n = 3 by comparison with a two-parameter method developed 
by Tsai (1992). It is based on the given value of V Q and other statistics listed in Specifica-
tion Table Fl, assuming that Vp will be no larger than about 0.20. The requirements of 
Specification Section Fl.l (a) for n = 3 help to ensure this. 
The 6.5% minimum value of Vp, when used in Specification Equation Fl.1-2 for 
the case of three tests, produces safety factors similar to those of the 1986 edition of the 
ASD Specification, i.e. approximately 2.0 for members and 2.5 for connections. The 
LRFD calibration reported by Hsiao, Yu and Galambos (1988a) indicates that V p is al-
most always greater than 0.065 for common cold-formed steel components, and can 
sometimes reach values of 0.20 or more. The minimum value for Vp helps to prevent po-
tential unconservatism compared to values of V p implied in LRFD design criteria. 
In evaluating the coefficient of variation V p from test data, care must be taken to 
use the coefficient of variation for a sample. This can be calculated as follows: 
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where 
s2 =sample variance of all test results 
n 
=_l_'(R. - Rm)2 
n - lL 1 
i = 1 
Rm=mean of all test results 
Ri = test result i of n total results 
Alternatively, Vp can be calculated as the sample standard deviation of n ratios RjlRm. 
For beams having tension flange through-fastened to deck or sheathing and with 
compression flange laterally unbraced (subject to wind uplift), the calibration is based on 
a load combination of 1. 17W-0.9D with DIW = 0.1 (see Section C3.1.3 of this Commen-
tary for detailed discussion). 
The statistical data needed for the determination of the resistance factor are listed 
in Specification Table Fl. The data listed for screw connections were added in 1996 on 
the basis of the study of bolted connections reported by Rang, Galambos, and Yu (1979b). 
The same statistical dataofMm, VM, Fm, and VF have been used by Pekoz in the develop-
ment of the design criteria for screw connections (Pekoz, 1990). 
F1.2 Allowable Stress Design 
The equation for the safety factor n (Specification Equation Fl.2-2) converts the 
resistance factor <t> from LRFD test procedures in Specification Section FI.I to an equiva-
lent safety factor for the allowable stress design. The average of the test results, Rn, is then 
divided by the safety factor to determine an allowable design strength. It should be noted 
that Specification Equation Fl.2-2 is identical with Equation C-A6.1.2-6 for DIL = O. 
F2 Tests for Confirming Structural Performance 
Members, connections and assemblies which can be designed according to the provi-
sions of Chapters A through E of the Specification need no confirmation of calculated results 
by test. However, special situations may arise where it is desirable to confirm by test the re-
suits of calculations. Tests may be called for by the manufacturer, the engineer, or a third 
party. 
Since design is in accordance with the Specification, all that is needed is that the tested 
specimen or assembly demonstrates a strength not less than the applicable nominal resis-
tance, Rn. 
F3 Tests for Determining Mechanical Properties 
F3.1 Full Section 
Explicit methods for utilizing the effects of cold work are incorporated in Section 
A 7.2 of the Specification. In that section, it is specified that as-formed mechanical prop-
erties, in particular the yield strength, can be determined either by full-section tests or by 
calculating the strength of the comers and computing the weighted average for the 
strength of comers and flats . The strength of flats can be taken as the virgin strength of the 
steel before forming, or can be determined by special tension tests on specimens cut from 
flat portions of the formed section. This Specification section spells out in considerable 
detail the types and methods of these tests, and their number as required for use in connec-
tion with Specification Section A 7.2. For details of testing procedures which have been 
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used for such purposes, but which in no way should be regarded as mandatory, see AISI 
Specification (1968), Chajes, Britvec and Winter (1963), and Karren (1967). A Stub-Col-
umn Test Method for Effective Area of Cold-Formed Steel Columns is included in Part 
VIII of the AISI Design Manual (AISI, 1996). 
F3.2 Flat Elements of Formed Sections 
Specification Section F3.2 provides the basic requirements for determining the 
mechanical properties of flat elements of formed sections. These tested properties are to 
be used in Specification Section A 7.2 for calculating the average yield point of the formed 
section by considering the strength increase from cold work of forming. 
F3.3 Virgin Steel 
For steels other than the ASTM Specifications listed in Specification Section A3.1, 
the tensile properties of the virgin steel used for calculating the increased yield point of 
the formed section should also be determined in accordance with the Standard Methods of 
ASTM A370 (1994). 
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SECTION 1 - GRAPHICAL DESIGN AIDS 
The use of the charts given below are explained in this section. The charts are given for 
angle, lipped angle, channel, lipped channel and hat sections. 
1.1 General Notes 
(a) The definitions of the terms used in these charts and tables can be found in the Specifica-
tion. 
(b) The torsional-flexural buckling charts are grouped together by cross-section type for 
convenience~ that is, singly-symmetric angle sections, singly-symmetric channel sec-
tions, and singly-symmetric hat sections. 
(c) The torsional-flexural buckling design charts are based on a square comer approxima-
tion for all section properties. 
1.2 Design Aids for Specification Section C3.1.2 - Lateral Buckling Strength 
Buckling parameters O"ex and O"t used in Specification Sections C3.l.2a, C4.2 and 04.1 
can be determined by using the Charts in this section. 
Using the value ofCx given in Charts VII-I.2, VII-2.2 and VII-3.2, parameter O"ex can 
be determined as follows: 
Ge• = (~; )(K~L) 2 
Using the values ofCT and O"to given in Charts VII-t.3, VII-t.4, VII-2.3, VII-2.4, VII-3 .3 
and VII-3.4, parameter O"t can be determined as follows: 
= Otoa:
2 (1)2 CT (~)2 
°t 2 - + -2 KL t a a t 
The lateral buckling moment about the centroidal axis perpendicular to the symmetry axis 
causing tension on the shear center side of the centroid, Me can be calculated using the value 
of Wand G1 determined from Charts VII-1.6, VII-1.7, VII-2.6, VII-2.7, VII-3.6 and 
VII-3.7 as follows: 
where A is the full cross-sectional area. 
1.3 Design Aids for Specification Section C4 - Concentrically Loaded 
Compression Members 
1.3.1 Buckling Mode 
In Specification Section C4, Fe is the least of the elastic flexural, torsional or tor-
sional-flexural buckling stress determined according to Sections C4.l through C4.3. 
Charts VII-t.t, VII-2.t and VII-3.t provide an easy means of determining which buck-
ling mode governs. Based on the cross-sectional dimensions, the governing mode of 
buckling is determined as explained in these charts. These charts apply when Ky and Kt 
are equal to 1.0. 
1.3.2 Determination of Buckling Parameters 
Parameters O"ex and at are determined as described in Section 1.2 above. The tor-
sional-flexural buckling stress Fe needed in Specification Section C4.2 can be deter-
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mined using the value of F given in Charts VII-I.S, VII-2.S and VII-3.S as fol1ows: 
Fe = F<Jex 
1.4 Design Aids for Specification Section 04.1 - Wall Studs in Compression 
Parameters <Jex and <Jt are determined as described in Section 1.2 above. 
1.5 Torsional-Flexural Design Charts 
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SECTION 2 - LATERALLY UNBRACED COMPRESSION FLANGES 
There are many situations in cold-formed steel structures where a flexural member is so shaped or con-
nected that it will not buckle laterally as a unit, but where the compression flange or flanges themselves are 
laterally unbraced and can buckle separately by a deflection of the compression flange relative to the tension 
flange, accompanied by out-of-plane bending of the web and the rest of the section. An example of such a 
situation is the use of a hat section as a flexural member in such a manner that the "brims" are in compression. 
An accurate analysis of such situations is extremely complex and beyond the scope of routine design 
procedures. The method outlined below is based on considerable simplifications of an exact analysis. Its 
results have been checked against more than lOO tests. It has been found that discrepancies rarely exceed 30 
percent on the conservative to 20 percent on the unconservative side. Thus, this method allows a reasonable 
estimate of the design strength to be made which, if desired, can be further improved by test. 
The following design procedure was developed based upon tests on individual roof panels or hat-shaped 
beams. These members were tested as simply supported members with two concentrated loads thus creating a 
region of uniform moment. Therefore, the design procedure is applicable only to an individual hat-shape type 
section having its free flange subjected to compression resulting from flexure. It does not apply to the follow-
109: 
(1) The compression elements of roof panels interconnected by welds, mechanical fasteners or me-
chanical seams. 
(2) A system comprised of flexural members and panels. 
For ease of explanation, the design procedure is presented in the following 11 steps: 
( 1) Detennine the location of the neutral axis and define as the "equivalent column" the portion of the 
beam from the extreme compression fiber to a level which is 
(3cf2~c c,) d distance from the extreme compression fiber. 
In this expression, Cc and Ct are the distances from the neutral axis to the extreme compression and 
tension fibers, respectively; d is the depth of the section. 
(2) Detennine the distance, Yo, measured parallel to the web, from the centroid of the equivalent col-
umn to its shear center. (If the cross section of the equivalent column is of angle or T -shape, its shear 
center is at the intersection of web and flange; if of channel shape, the location of the shear center is 
obtained from Section D 1.1 of the Specification. If the flanges of the channel are of unequal width, 
for an approximation take w as the mean of the two flange widths, or compute the location of the 
shear center by rigorous methods.) 
(3) To determine the spring constant~, isolate a portion of the member one inch long, apply a force of 
0.00 1 kip perpendicular to the web at the level of the column centroid, and compute the correspond-
ing lateral deflection, D, of that centroid. Then the spring constant ~ = O.OOI/D. 
(4) Calculate To = h/(h + 3.4yo) where h is the distance from the tension flange to the centroid of the 
equivalent column in inches. 
(5) If the flange is laterally braced at two or more points calculate 
Pe = 290,000 I1L2, C = ~L2IPe, and L' = 3.7 jI(h/t)3 
where 
I = moment of inertia of equivalent column about its gravity axis, parallel to web, in.4 
L = unbraced length of equivalent column, in. 
If C ~ 30, compute 
Pcr = TPe[1 + ~L2/(1t2Pe)] 
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If C > 30, compute 
Per = TPe (0.60 + 0.635 j~L2/Pe) 
In both cases, 
T = To if L ~ L' 
T = LTolL' ifL < L' 
(6) If the flange is braced at less than two points, compute 
Per = Toj4~EI 
(7) Detennine the slenderness ratio of the equivalent column 
(KLIr)eq = 4901 jp crl A c, where Ae = cross-sectional area of equivalent column, in.2 
VII-23 
(8) From paragraph (a) of Section C4 of the Specification, compute the stress, Fn, corresponding to 
(KL/r) 
(9) The design compression bending stress is Fb2 = 1.15 Fn(ce/Ye) ~ Fy 
where 
Cc = distance from neutral axis of beam to extreme compression fiber, in. 
Yc = distance from neutral axis of beam to centroid of equivalent column, in. 
(10) Me = Fb2S f 
(11) Go to Equation C3.1.2-1 
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SECTION 3 - TORSIONAL-FLEXURAL BUCKLING OF 
NON-SYMMETRICAL SHAPES 
Torsional-flexural buckling of non-symmetrical sections is not covered by the Specifi-
cation. These sections can be designed by taking Fe in Section C4 equal to OTFO. 
The elastic torsional-flexural buckling stress, OTFO, is less than the smallest of the Euler 
buckling stresses about the x- and y- axes and the torsional buckling stress. The value of 
OTFO can be obtained from the following equation by trial and error: 
The following equation may be used for a first approximation: 
(OexOey + OexOt + OeyOt) 
2 
(OexOey + oexOt + OeyOt) - 4( OexOeyOt)( oex Y + Oey~ + Ot) 
°TFO = -
2(oexY + Oey~ + Ot) 
where 
Oex = ksi 
a = 1 - (xo/ro)2 - (yofro)2 
y = 1 - (yofro)2 
~ = 1 - (xofro)2 
E = modulus of e1asticity = 29,500 ksi 
L = unbraced length of compression member, in. 
2( oex y + Oey~ + Ot) 
r x = radius of gyration of cross-section about the x-axis, in. 
r y = radius of gyration of cross-section about the y-axis, in. 
ro = polar radius of gyration of cross-section about the shear center, in. 
Ip = polar moment of inertia about the shear center, in.4 = Aro2 = Ix + Iy + AXo2 + AYo2 
G = shear modulus = 11,300 ksi 
J = St. Venant torsion constant of the cross-section, in.4 For open sections composed ofn 
segments of uniform thickness = (1/3) (ljtt3 + 12t23 + ... + Intn3) 
Cw= warping constant of torsion of the cross section, in.6 
I) = length of cross-section middle line of segment i, in. 
t 1 = wall thickness of segment i, in. 
Xo = distance from shear center to centroid along the principal x-axis, in. 
Yo = distance from shear center to centroid along the principal y-axis, in. 
For any section, the values of xc, Yo and Cw can be computed from the following rela-
tionships (terms are defined in Figure 3-1): 
I 
Xo = l, f weyt ds, in. 
o 
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I 
Yo = -I~ J wcxt ds, in. 
o 
where 
Ix and Iy = centroidal moments of inertia of the cross-section about the principal x- and 
. 4 y- axes, In. 
A = total area of the cross-section, in.2 
= wall thickness, in. 
s 
We = J Rc ds, 
0 
s 






f .. Xo 
C.G. = Centroid 
S.C. = Shear Center 
Figure 3-1 
Non-Symmetric Cross-Section 
x and y = the coordinates measured from the centroid to any point P along the middle 
line of the cross section, in. 
s = distance measured along the middle line of the cross-section from one end to 
the point P, in. 
I = total length of the middle line of the cross-section, in. 
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Rc and Ro = perpendicular distances from the centroid (C.O.) and shear center (S.C.), 
respectively, to the middle line at P, in. Rc or Ro is positive if a vector tangent 
to the middle line at P in the direction of increasing s has a counter-clockwise 
moment about the C.O. or S.C. as shown in Figure 3-1 
Supplementary Information for use with the 1996 AISI Cold-Formed Steel Specification 
SECTION 4 - SUGGESTED COLD-FORMED STEEL STRUCTURAL 
FRAMING ENGINEERING, FABRICATION, AND ERECTION 
PROCEDURES FOR QUALITY CONSTRUCTION 
General 
Those taking advantage of the economies in building construction afforded by cold-
fonned steel structural framing are cautioned to observe the procedures outlined herein to 
obtain quality construction. 
Designing 
Building design involving cold-fonned steel structural framing for floors, roofs, load-
bearing walls, or curtain walls should be performed by, or under the direct supervision of, 
professional structural engineers registered in the state in which the project is constructed. 
Detailing 
Framing drawings should show size, thickness, type, and spacing of all structural mem-
bers, inc1uding bridging and bracing. Details should be inc1uded for all connections either 
welded or screwed. Details should show the method of anchoring walls to the foundation. 
Fabrication 
Manufacturers of cold-fonned steel structural members should maintain in-house 
quality control programs. Assembly of components into walls, etc., may be done on the job 
by the "stick built" method or off the job by the "panelized" method utilizing assembly jigs. 
Assemblers should follow details shown on fabrication and/or erection drawings. 
Erection 
Erection should be performed by experienced mechanics who follow the plans and 
specifications under the supervision of an experienced foreman or superintendent. 
Inspection During Construction 
Periodic inspections during the construction phase should be made by a professional 
structural engineer who either is or represents the design engineer of record. Such inspec-
tions should be made intermittently to enable the inspector to become generally familiar with 
the progress of the work and to observe, in general, that the work is or has been perfonned in 
such a manner that when completed, will be in general confonnance with the design concept 
expressed in the construction documents. The inspector (as a representative of the engineer) 
does not have control over and is not in charge of, nor is liable in any way for methods, means, 
sequences, procedures, techniques, or schedules associated with the work of the project since 
these are the sole responsibility of the contractor. The inspector has no control over nor is 
responsible for safety procedures or safety training. The inspector will not control the work 
nor supervise the contractor or any sub--contractor. 
Final Inspection 
At the conclusion of the cold-formed steel construction process, a final inspection 
should be made by the engineer of record who should issue a statement that, to the best of 
his/her knowledge, information and belief, the cold-formed steel framing has been 
constructed in general conformance with the plans and specifications. 
VII 27 

Test Procedures for use with the 1996 AISI Cold-Formed Steel Specification 
TABLE OF CONTENTS 
PART VIII 
TEST PROCEDURES 
FOR USE WITH THE 
1996 EDITION OF THE 
SPECIFICATION FOR THE DESIGN OF 
COLD-FORMED STEEL STRUCTURAL MEMBERS 
SECTION 1 - TEST METHODS 
VIII 1 
ROTATIONAL-LATERAL STIFFNESS TEST METHOD FOR BEAM-TO-PANEL ASSEMBLIES .. 3 
1. Scope ...................................................................... 3 
2. Description of Terms .............................................. . ........... 3 
3. Materials...................................................... . ............. 4 
4. Test Specimens ............................................................... 4 
5. Test Setup .................................................... . .............. 6 
6. Test Procedures .............................................................. 7 
7. Number of Tests ....................................... . ...................... 8 
8. Test Evaluation Procedure ...................................................... 9 
9. Test Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
10. Alternate Rotational-Lateral Stiffness Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
STUB-COLUMN TEST METHOD FOR EFFECTIVE AREA OF COLD-FORMED STEEL 
COLUMNS ................ . ..................................................... 14 
1. Scope ..................................................................... 14 
2. Applicable Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
3. Terminology ................................................................ 14 
4. Significance ....... . ........................................................ 16 
5. Apparatus .................................. . ............................... 17 
6. Test Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 
7. Stub-Column Specimens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
8. Stub-Column Procedure .. . .......................... . ........ . ............... 20 
9. Calculations .......... . .................................................... . 22 
10. Report ......................................... ··· .... ·.·················· · 23 
11. Precision .................... . . . .................... · . .. ·.·.· ... ·.·.·····.·. 24 
References ................................................................. 24 
Appendix A - Use of Axial Shortening Measurements in Design ...................... 25 
Appendix B - Parametric Studies ............................................... 26 
STANDARD METHODS FOR DETERMINATION OF UNIFORM AND LOCAL DUCTILITY ....... 28 
1. Scope ................................... . ................................. 28 
2. Referenced Documents ................................. ;.... . ............. . .. 28 
3. Symbols ................................................................... 28 
4. Test Procedure .............................................................. 28 
5. Alternate Test Procedure ...................................................... 29 
V 111-2 Test Procedures for use with the 1996 AISI Cold-Formed Steel Specification 
TEST METHODS FOR MECHANICALLY FASTENED COLD-FORMED STEEL CONNECTIONS. 30 
1. Scope ..................................................................... 30 
2. Applicable Documents ........................................................ 30 
3. Terminology ........................................ \ ....................... 30 
4. Significance ................................................................ 31 
5. Apparatus .................................................................. 31 
6. Test Unit ................................................................... 32 
7. Test Specimens and Fixtures ................................................... 32 
8. Test Procedures ............................................................. 40 
9. Calculations ................................................................ 42 
10. Report ..................................................................... 42 
References ................................................................. 45 
CANTILEVER TEST METHOD FOR COLD-FORMED STEEL DIAPHRAGMS ................ 46 
1. Tests of Framed Diaphragm Construction ......................................... 46 
2. Test Franles ................................................................ 46 
3. Test Assemblies ............................................................. 46 
4. Testing .................................................................... 46 
5. Minimum Number of Tests .................................................... 47 
COMMENTARY ON THE TEST METHOD FOR COLD-FORMED STEEL DIAPHRAGMS ....... 50 
1. Tests of Framed Diaphragm Construction ......................................... 50 
2. Test Frames ................................................................ 50 
3. Test Assemblies ............................................................. 50 
4. Testing .................................................................... 51 
5. Minimum Number of Tests .................................................... 51 
References ................................................................. 52 
BASE TEST METHOD FOR PURLINS SUPPORTING A STANDING SEAM ROOF SYSTEM .... 53 
1. Scope ..................................................................... 53 
2. Applicable Documents ........................................................ 53 
3. Terminology ................................................................ 53 
4. Significance ................................................................ 54 
5. Apparatus .................................................................. 55 
6. Test Specimens .............................................................. 56 
7. Test Procedure .............................................................. 57 
8. Test Evaluation .... . ......................................................... 58 
9. Test Report ................................................................. 59 
References ..... . ........................................................... 60 
SECTION 2 - BIBLIOGRAPHY OF TEST PROCEDURES PERTINENT TO COLD-FORMED STEEL 61 
SECTION 3 - EXAMPLE PROBLEM 
Example VIII-I Computing <p and Q Factors From Test Data .............................. 64 






1.1 The purpose of this test is to detennine the rotational-lateral stiffness of beam-to-
panel assernblies. This test method is used primarily in· determining the strength of 
beams connected to panels as part of a structural assembly. * The unattached "free" 
flange of the beam is restrained from lateral displacements and twisting by the bending 
stiffness of the beam elements, the connection between the "attached" flange of the beam 
and the panel, and the bending stiffness of the panel. 
1.2 This test method applies to structural subassemblies consisting of panel, beam, 
and joint components, or of the joint between a waJl, floor, ceiling, or roof panel and the 
supporting beam (purlin, girt, joist, stud). 
1.3 This test method is also used to establish a limit of the displacements for avoiding 
joint failure. 
1.4 The combined stiffness of the assembly determined by this method, K, consists 
of: (a) the lateral stiffness of the beam, Ka, which is a function of the geometry of the 
beam and geometric details of the beam-to-panel connection, (b) the local stiffness of 
the joint components in the immediate vicinity of the connection, Kb, which is affected 
by the type of fasteners, the fastener spacing used, and the geometry of the elements con-
nected, and (c) the bending stiffness of the panel, Kc, which is a function of the moment 
of inertia of the panel, the beam spacing, and the beam location (edge vs interior). The 
latter stiffness shall be taken into account by theoretical analysis or by using the alternate 
test procedure described in Section 10. 
1.5 For specific geometric conditions the design engineer may require duplicate test-
ing using a new specimen with the beam orientation, or the force direction, reversed. 
2. Description of Terms 
2.1 Subassembly - A subassembly is a representative portion of a larger structural as-
sembly consisting of a wall, floor, ceiling, or roof panel with one beam connected to the 
panel either continuously or at regular intervals (Figure 1). 
2.2 Panel- The panel used in the subassembly may be made of any structural material, 
for example: aluminum, reinforced concrete, fiberboard, gypsum board, plastic, ply-
wood, steel, etc. (Figure 1). 
2.3 Beam - A beam may have an open or closed cross section. One flange of the beam 
is connected to the panel, and is called the "attached" flange. The other is the "unat-
tached" flange (Figure 1). 
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Subassembly 
Width, Ws 
~ Beam. Typical 
Joint, or 
Connection 
Figure 1 - Wall, Floor, Ceiling or Roof Assembly 
2.4 loint or Connection - A joint or connection includes the local area around a me-
chanical fastener, weld, or adhesively bonded area that connects the beam with the panel. 
The local area also includes filler material such as insulation located between the panel 
and the beam flange. 
2.5 Lateral Load - The total lateral load, P, in kips (kN), is applied to the unattached 
flange of the beam (Figure 2) in a plane parallel to that of the original panel position. 
2.6 Lateral Deflection - The lateral deflection (Figure 2) is the lateral displacement, 
D, in inches (mm), of the unattached flange due to the lateral load, P. 
2.7 Rotational-Lateral Stiffness - The rotational-lateral stiffness, K, is equal to the 
total lateral load applied on the unattached flange of the test beam, divided by the length 
dimension of the beam, LB (Figure 3b), and divided by the lateral deflection of the unat-
tached flange of the beam at that load level. Thus, the units of K are: kips (kN) of lateral 
load per inch (mm) of beam length per inch (mm) of deflection, or klin.lin. (kN/mml 
mm). 
3. Materials 
3.1 Components of the test specimen(s) shall be measured, and the component suppli-
ers shall be identified. 
3.2 Physical and material properties of the panel and beam shall be determined accord-
ing to the latest edition of Specification ASTM E370 or other applicable standards. 
4. Test Specimens 
4.1 The overall panel width, W (Figure 3), of the specimen shall be such that the dial-
gage support and the specimen support are each separated from the beam by a distance, 
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(a) Loading Diagram 
Subassembly Width, Ws 
(b) Deflected Subassembly 
Figure 2 - Loaded and Deflected Subassembly 
Wit not less than the largest of the following distances: (a) 1.5 times the overall panel 
depth PD, (b) the overall width of the attached beam flange WF, and (c) the fastener spac-
ing along the flange of the beam, Fs. For ribbed panels, WI shal1 also exceed two times 
the width of the attached flat of the panel. 
4.2 The clamped width of the specimen, W c, shall be at least equal to two times the 
panel depth, but not less than 2 in. (50.8 mm). 
4.3 The end dimension, WE, shall be long enough to conveniently attach a dial gage 
or an extensometer to the end of the panel. 
4.4 The minimum overall panel width shall be equal to: 
(1) 
4.5 The minimum beam and panel length, Ls, of the test specimen shall not be less 
than the largest of (a) two times the maximum connector spacing, FSI used in actual field 
installations, or (b) the nominal coverage width of the panel. The specimen shall contain 
at least two fasteners in each line of connections along the beam. 
4.6 Each specimen shall be assembled under the supervision of a representative of the 
testing laboratory, either at the manufacturer's facilities or at the testing laboratory. 
4.7 Each specimen shall be assembled from new material; i.e., materials not used in 
previous test specimens, and in accordance with manufacturer's specifications. 
4.8 The fabrication and field installation procedures specified for the overall assem-
bly, and the tools used, shall also be used in the specimen construction as much as pos-
sible. 
4.9 Drilled or punched pilot holes in the panels or beams shall be the same as those 
used in field installations. 
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5. Test Setup 
Dial Gage or 
~ Displacement Transducer 
'\ Beam ~ Load, P 
\ I I '" ~---- C#ft======i-' / .. ,. • ---.--=-----~ 
H 









Panel Rib (if any) : 
I I _ --1 
I----------~-_tl: = C = II---+----------+"'/ - - ] 
I-------------.;~-II- - 1- -II---+----------v.: 
1 1 Fs 1 
1 1 I 
I 1 1 
(b) Plan 
Figure 3 - Test Specimen and Horizontal Test Setup 
5.1 The test specimens may be tested in a horizontal or vertical position (Figure 3 and 
Figure 4, respectively). The zero-load readings of the deflection-measuring device(s) 
shall be recorded. 
5.2 The clamped end of the panel shall be the only support of the test specimen. 
5.3 When the test specimen panel is a hollow-core, corrugated, or trapezoidal panel, 
voids of the clamped regions shal1 be filled with filler materials such as wood, gypsum, 
or similar filler materials to ensure that the clamped overall depth of the panel is reason-
ably maintained. For foam-filled sandwich panels, if necessary, the filler material over 
the distance We may be replaced with wood, gypsum, or similar filler materials. 
5.4 Loads applied to the unattached flange shall be introduced as close as possible to 
the extreme fiber of the beam, or at the intersection of the outer faces of the unattached 
flange and the web. 
5.S If the beam does not have a flat face perpendicular to the panel at the locations 
where the load is to be applied and the lateral displacement is to be measured, brackets 
__ J 







Figure 4 - Vertical Test Setup 
are to be mechanically attached to the beam web to provide a flat surface. Figure 5 shows 
a typical application of a load bracket and/or dial gage bracket. The attachment of either 
bracket shall be accomplished such that the bracket does not stiffen the beam, or reduce 
its distortion. 
5.6 The total lateral load applied, P, shall be distributed over several locations, if nec-
essary, to reduce variations in the lateral deflection along the length of the unattached 
flange. 
5.7 The load application shall be accomplished by chain or wire, and the necessary 
precautions shall be taken to ensure that the direction of the applied load remains essen-
tially parallel to the original plane of the panel (Figure 5). 
5.8 One or more dial gages or displacement transducers shall be used to measure the 
lateral displacements during loading. The gages shall be arranged symmetrically about 
the midwidth point, and have graduations at not greater than 0.001 in. (0.0254 mm) in-
tervals. 
6. Test Procedures 
6.1 The dial-gage height, HD, and load height, HL, as shown in Figure 3, shall be ar-
ranged such as to equal as close as possible the overall beam depth, H. Prior to loading 
the test specimen, the dimensions, HD and HL, and the dial-gage readings shall be re-
corded. 
6.2 No preload is to be used. The load ~hall be applied in a direction which is critical 
for the intended use of the results. 
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/ Bracket, Detail A 
Load, P (Parallel to Original Panel Position) 
[=============--===~~----~--I 
Original Panel Position 
P 
Dial Gage Load 
Detail A 
Figure 5 - Dial Gage and Load Bracket 
6.3 The applied load shall be increased in five or more equal increments to the maxi-
mum expected value, in order to produce deflection increments of not more than 5 per-
cent of the beam depth. 
6.4 If the specimen includes fiberglass insulation or other non-metallic elements in 
the joint between panel and beam, the load shall be held at each increment for 5 minutes 
before reading the lateral movement. 
6.5 After each load increment is added, and the deflection has stabilized, the load and 
lateral movement of the unattached flange shall be measured and recorded. 
6.6 A test shall be terminated at failure (fastener pullout, fastener failure, panel buck-
ling, panel failure, beam failure, etc.) and the mode of failure recorded, unless the design 
engineer has determined that the application of the rotational-lateral stiffness, K, occurs 
at lower load or displacement levels and that the test may be terminated earlier. 
7. Number of Tests 
7.1 The minimum number of tests for one set of parameters shall be three. For para-
metric studies using multiple values of one or more parameters a smaller number of tests 
may be used. 
7.2 If used as part of a series of at least three tests, one test is sufficient for a specific 
condition of an all-metallic mechanically-fastened specimen using the same basic com-
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ponents, but using unique geometrical or physical-property differences such as fastener 
spacings, different beam or panel yield strengths, etc. 
7.3 Three tests are required for any specific condition of welded or adhesively-bonded 
specimens, or for specimens using non-metallic materials. 
7.4 When the rotational-lateral stiffness for three or nlore panel or beam thicknesses 
with otherwise identical parameters is to be determined, at least two specimens each 
with the minimum and the maximum thickness shall be tested. For a ratio of maximum-
to-minimum thicknesses greater than 2.5, additional specimens with intermediate 
thicknesses must be tested. One test of every thickness may be used in accordance with 
Section 7.2. 
7.5 When the rotational-lateral stiffness for a range of screw spacings is to be deter-
mined, the minimum number of specimens shall be as follows: For a ratio of maximum-
to-minimum screw spacings equal to or less than 2, at least two specimens each with 
the minimum and the maximum screw spacing shall be tested. For a range of five or 
more different screw spacings, or for a ratio of maximum-to-minimum screw spacings 
greater than 2, additional specimens with intermediate spacings must be tested. One test 
of every screw spacing may be used in accordance with Section 7.2. 
7.6 Where the rotational-lateral stiffness for a range of other panel parameters - such 
as yield or ultimate strength, changes in geometry, etc. - are to be determined, a number 
of tests similar to the requirements under Sections 7.2 through 7.5 shall be performed. 
7.7 For un symmetric or staggered fastener arrays and/or beams unsymmetric about a 
plane parallel to the web, duplicate tests may be required by the design engineer using 
new specimens with the beam orientation, or the force direction, reversed. 
8. Test Eval uation Procedure 
8.1 Typicalload-displacement curves (P vs. D) obtained from the tests are as shown 
in Figure 6. For multiple tests of one set of test parameters, the curve resulting in the 
lowest value of Kt , as defined in Section 8.2, shall be used for the test evaluation proce-
dure.* 
8.2 The test stiffness, K£, at any load level is determined by 
Kt = PIDILB (2) 
8.3 The nominal test stiffness, KN, shall be determined by 
(3) 
where PN and ON shall be determined for a point, N, such that either PN shall be equal 
to 0.8 times the ultimate load, Pu, for load-displacement curves as shown in Figure 6(a), 
or the displacement ON shall be equal to 0.8 times the ultimate displacement, Du, for 
load-displacement curves as shown in Figure 6(b), or by a tangent drawn from the origin 
to the P-O curve as shown in Figure 6(c), resulting in PN ~ 0.8Pu and DN ~ 0.80u· 
* The test stiffness, Ktt includes the stiffness effects of the beam, Ke,. and t?e beam-to-panel c~:mectjon. Kb. but 
excludes the bending stiffness of the panel, Kc, and follows the relatIOnshIp Kt = (1IKa+ I/Kb) . 
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DN ~ O.8Du 
(c) 
Figure 6 - Typical Load Displacement Curves 
8.4 When the design engineer specifies in advance a desired maximum lateral dis-
placement limit of DNL, the test may be discontinued when DNL is reached, and KN may 
be determined from PN at DNL, as long as the limits under Section 8.3 are observed and 
DNL is not exceeded in actual design applications. 
8.5 Where either Ho or HL are not equal to the overall beam height, H, Kt and KN shall 
be corrected by the factor HoHtfH2. 
8.6 In addition, Kt and KN shall be adjusted by the stiffness contributions of the panel, 
Kc, derived from the linear-elastic displacement analysis representing the actual design 
applications, unless such an analysis shows that these contributions are insignificant. 
Alternately, the panel stiffness may be included by using the alternate test method under 
Section 10. 
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8.7 For subassemblies such as shown in Figure 2, the applied lateral test loads cause 
-1 ~ p 
v:~~. J 
Ws 
r-=~--------f---------~ Moment Diagram 
D =PH2WS 
12EI 
Figure 7 - Bending Moment Diagram with an Interior Beam 
a bending moment distribution in the panel similar to that shown in Figure 7, and a lateral 
displacement of the unattached flange of the beam, Dc, equal to 
(4) 
where W s is the width of the subassembly (Figure 2 and Figure 7), E is the modulus of 
elasticity of the panel material, and I is the effective moment of inertia of the panel cross 
section (obtained from deflection determination calculations for cold-formed metal 
deck panels.) 
The panel stiffness is equal to 
Kc = I/Dc (5) 
8.8 The overall rotational-lateral stiffness of the assembly shaH be determined as 
(6) 
8.9 When tests covering ranges of parameters (thickness, yield strengths, screws spac-
ings, etc .) are conducted according to Section 7, a linear interpolation may be used to 
determine intermediate K values. 
9. Test Report 
9.1 The test report shall consist of a description of all specimen components, including 
drawings defining the actual and nominal geometry, material specifications, material 
properties test results describing the actual physical properties of each component, and 
the sources of supply. Differences between the actual and the nominal dimensions and 
material properties shall be noted in the report. 
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9.2 In addition, the test report shall contain a sketch or photograph of the test setup, 
the latest calibration date and accuracy of the equipment used, the signature of the person 
responsible for the tests, and a tabulation of all raw and evaluated test data. 
9.3 All graphs resulting from the test evaluation procedure shall be included in the test 
report. 
9.4 A summary statement, or tabulation, shall be included in the summary of the report 
to define the actual and nominal rotational-lateral stiffness derived from the tests con-
ducted, including all limitations. 
10. Alternate Rotational-Lateral Stiffness Test* 
10.1 To include the panel-stiffness contribution in the test, rather than by linear-elastic 
analysis, the design engineer may request a test specimen and setup as shown in Figure 
8 and Figure 9, respectively. 
~ P 
rPanel 





Figure 8 - Panel Width for Alternate Test 
~ Load/Gage Bracket 
-----1~~P 
Figure 9 - Test Setup for Alternate Test 
10.2 The test specimens shall be as described under Section 4 except as follows. 
10.2.1 The minimum overall panel width of the specimen, W (Figure 8), shall be 
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(7) 
10.2.2 The minimum end dimension, WE, shall equal the width of the attached 
beam flange plus 4 in. (102 mm) to allow the development of local deformation pat-
terns around the fasteners as they would develop in a real structure. 
10.2.3 For specimens representing interior-beam subassemblies, as shown in Fig-
ures 1 and 2, the dimension WI of the test specimen (Figure 8) shall be equal to 1/12 
of the subassembly width, Ws (Figures 1 and 2), to assure that the overall rotational-
lateral stiffness contribution of the test-specimen panel is the same as that of the sub-
assembly. 
10.2.4. For other subassembly conditions, WI shall be determined to represent the 
actual conditions. 
10.3 The test-setup shall be as described under Section 5 except as follows. 
10.3.1 The clamped support as shown in Figures 8 and 9 shall be sufficiently rigid 
to minimize the rotation and translation of the test specimen at the support. 
10.3.2 The lateral-displacement measuring device shall be located on a support 
fixed relative to the clamped support of the test panel, as shown in Figure 9. 
10.4 Test procedures shall be the same as described under Section 6. 
10.5 The number of tests shall be determined as described in Section 7. 
10.6 The test~valuation procedure shall follow the underlying principles used to de-
velop Section 8. The test stiffness at any load level shall be determined according to 
Equation 2 and the nominal test stiffness shall be determined according to Equation 3. 
No further adjustments are needed. 
10.7 For other interior-beam spacings, for exterior-beam conditions, or for other geo-
metrical conditions, the measured displacements shall be adjusted by a linear~lastic 
analysis to represent the actual field conditions, unless such an analysis shows that these 
displacements and their effect on K are insignificant. 
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STUB-COLUMN TEST METHOD(l) 
FOR 
EFFECTIVE AREA OF COLD-FORMED 
STEEL COLUMNS 
1. Scope 
1.1 This test method covers the determination of the effective cross-sectional area of 
cold-formed steel columns. It primarily considers the effects of local buckling and re-
sidual stresses and applies to solid or perforated columns that have holes (or hole pat-
terns) in the flat and/or curved elements of the cross section (1 ).2 
1.2 The effective area is used to determine the allowable axial loads of cold-formed 
column sections in accordance with the AfSf Specification for the Design of Cold-
Formed Steel Structural Members, hereafter called AISI Specification. 
1.3 The effective area is a variable section property of columns. It reflects the effects 
of local buckling in relatively thin area elements caused by axial stresses, or loads. 
When the axial load is zero, the effective area is equal to the gross cross-sectional area; 
however, when an axial load is applied, the effective area may be less than the gross area. 
In such a case, the effective area will reduce with increasing load. 
1.4 Local buckling reduces the axialload-carrying capacity that would otherwise be 
limited only by general yielding or overall column buckling. The amount of the reduc-
tion depends on the width-to-thickness ratio of the flat elements of the column cross 
section, the yield strength of the steel sheet from which the column is formed, and the 
size and frequency of holes or hole patterns, if present. 
2. Applicable Documents 
2.1 ASTM Standards: 
A370 - Tensile Test Method for Steel Sheets 
E4 - Verification of Testing Machines 
2.2 AISI Specification for the Design of Cold-Formed Steel Structural Members, 
1996 Edition. 
3. Termi nology 
3.1 ASTM Definitions Standards: 
E6 - Definitions of Terms Relating to Methods of Mechanical Testing. 
E380 - Standard for Metric Practice. 
3.2 Description of tenns specific to this standard: 
IThis test and evaluation method will be proposed to the appropriate ASTM Committee for review and adoption. 
2Numbers in parentheses refer to references at the end of this test method. 
Test Procedures for use with the 1996 AISI Cold-Fonned Steel Specification 
Elements = Straight or curved portions of the cross section of a column or stub col-
umn. 
Local Buckling = The local buckling mode of a flat element of a column cross sec-
tion, which influences the overall column-buckling behavior. 
Overall Buckling = Buckling of a column as a function of its overall length. 
Stub-Column = An axial compression member of the same cross section and materi-
al as the column for which the strength needs to be determined, but of sufficiently 
short length to preclude overall column buckling, if possible. 
3.3 Symbols 
A = the gross cross-sectional area of a column without holes or perforation, or the 
minimum gross cross-sectional area of a column with holes or perforation. 
Aa = the average of all gross cross-sectional areas of the stub columns in a test unit, 
or the average of gross cross-sectional areas of a stub column. 
Ae = the effective cross-sectional area of a stub column at a load less than the ulti-
mate test load, or the effective area of a full-length column. 
Aei = the effective cross-sectional area of a stub column at load Pi· 
Aeu = the nominal effective cross-sectional area at ultimate load adjusted to the 
nominal thickness and the minimum specified yield strength. 
Aeua = the average effective cross-sectional area of a test unit of stub columns at the 
ultimate axial load. 
Aeu 1 = the effective cross-sectional area of a stub column with parameters of Test 
Unit 1 at ultimate load. 
Aeu2 = the effective cross-sectional area of a stub column with parameters of Test 
Unit 2 at ultimate load. 
Al = the minimum gross cross-sectional area of a stub column with parameters of 
Test Unit 1 at ultimate load. 
A2 = the minimum gross cross-sectional area of a stub column with parameters of 
Test Unit 2 at ultimate load. 
D = the axial shortening of a stub column at load P. 
Di = the axial shortening of a stub column at load Pi· 
Du = the axial shortening of a stub column at load Pu· 
f = the average axial stress assumed to be uniformly distributed over the effec-
tive cross-sectional area Ae· 
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fi = the average axial stress assumed to be uniformly distributed over the effecti ve 
cross-sectional area, Aei at load Pi. 
fo = the average axial stress assumed to be uniformly distributed over the effective 
cross-sectional area, Ae, above which the section is not fully effective. 
Fn = the nominal ultimate stress, assumed to be uniformly distributed over the ef-
fecti ve cross section of a column as calculated from Section C4 of the AISI 
Specification, at which flexural, torsional, torsional-flexural, or local buck-
ling, and/or yielding, may occur. 
Fu = the ultimate stress, assumed to be uniformly distributed, at which local failure 
occurs in a tested stub column. 
Fy = the minimum specified elastic limit or yield stress of column or stub-column 
material. 
Fya = the average elastic limit or yield stress of the sheet steel for a given test unit. 
Fyi = the indi vidual elastic limit or yield stress of the sheet-steel specimens in a test 
unit. 
= load-displacement-reading number for a particular stub-column test (load 
displacement Di at load Pi). 
j = total number of load--displacement readings taken for a particular stub-col-
umn test. 
L = the length of the stub--column test specimen. 
Lp = the pitch of a repeating pattern of perforations along the longitudinal column 
axis. 
n = the ratio of the effective cross-sectional area at the ultimate load to the full 
cross-sectional area, Aeul A. 
P = the applied axial compression force (column load). 
Pi = the applied load at load-increment i. 
Pn = the nominal failure load of a column. 
Pu = the ultimate stub--column load at which local failure occurs. 
Pua = the average of all ultimate stub-column loads within a test unit. 
r = the minimum radius of gyration of the cross-sectional area, A. 
t = the nominal base-steel thickness exclusive of coating. 
ta = the average of all base-steel thicknesses within a test unit, exclusive of coat-
mg. 
W = the greatest overall width of the cross section including corner(s). 
4. Significance 
4.1 This test method provides requirements for testing, and equations to detennine, 
the effective area of a cold-formed column section at ultimate load, Aeu, and the load-
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or stress-dependent effective area, Ae. These properties are used in the AISI Specifica-
tion to determine the ultimate and less-than-ultimate column strengths. The ultimate 
column strength, P u, is the product of the minimum specified yield stress, Fy, or the 
buckling stress Fn, and the corresponding effective cross-sectional area at that stress, 
Aeu. At an applied column strength ofP less than Pu, the corresponding effective cross-
sectional area shall be Ae. 
4.2 The test method also provides a means to observe, measure, and account for local 
buckling deformations when the appearance of a column section under stress must be 
determined. 
4.3 An inherent assumption of the test method is that true stub-column behavior 
(which considers local buckling effects only) is achieved when overall column-buck-
ling effects are eliminated. For this condition the ultimate test load on a stub column, 
Pu, equals the product of the effective cross-sectional area at ultimate load, Aeu, times 
the stress that causes local buckling, or times the yield stress of the virgin steel sheet. 
In case overall buckling cannot be avoided because of geometrical constraints, the criti-
cal column-buckling stress must be used. 
4.4 The determination of Ae may be conducted by either one of the two following 
methods: 
(1) The basic, more simple and conservative method: 
This method is embodied in the main part of this document and is based on the mea-
sured test loads of stub columns and their measured and tested physical and mechan-
ical properties. 
(2) An alternate and less conservative method: 
This 'method is based on the shortening of stub columns which occurs during testing. 
Also, this evaluation method requires more calculations. The results of this method 
lead to more accurate results for Ae, and to higher allowable axial loads at lower-
than-ultimate stress levels. The evaluation procedure for this method is described 
in Appendix A. 
5. Apparatus 
5.1 The tests shall be conducted on a testing machine that complies with the require-
ments of ASTM E4. 
5.2 Linear displacement devices for measuring lateral displacements shall have a 
0.001 in. (0.0254 mm) least-reading capability. 
5.3 Measuring devices for determination of the actual geometry of a test specimen 
shall have a 0.001 in. (0.0254 mm) least-reading capability. 
5.4 If axial shortening is recorded, the measuring device shall have a 0.0001 in. 
(0.00254 mm) least-reading capability. 
6. Test Unit 
6.1 A test unit shall include a minimum of three identical stub-column specimens and 
a minimum of two corresponding sheet-type tensile specimens. 
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6.2 The specimens within a unit shall represent one type of cold-formed steel section 
with the same specified geometrical, physical, and chemical properties. The specimens 
may be taken from the same column or from different production runs provided the 
source of the specimens is properly identified and recorded. 
6.3 If stub-column specimens are taken from different production runs, at least two 
corresponding sheet-type specimens must be taken and tested from each production run. 
6.4 The stub-column test specimens shall be used to determine: 
(1) The actual geometry of each specimen. 
(2) The ultimate stub-column test load. 
(3) Axial shortening at each load level if the alternate test-evaluation method described 
in Appendix A is used. 
(4) Lateral displacements of the specimen at locations of interest (if desired). 
6.5 The tensile test specimens shall be used to define the yield stress of each stub-col-
umn specimen according to the requirements described in ASTM A370. 
6.6 For each test specimen and test unit, the measured geometrical and tested physical 
properties of the individual specimens shall meet the requirements stated by the fabrica-
tor and material producer, respectively. 
6.7 If the average area, thickness, or yield strength of a test unit varies by more than 
20 percent from the respective nominal or specified-minimum value, the test unit is con-
sidered to be non-representative of the column section, and further evaluations of the 
effective area are considered to be invalid. 
7. Stub-Column Specimens 
The stub-column specimens shall meet length and end-flatness requirements as fol-
lows, depending on whether or not unconnected or welded endplates are used. 
7.1 Stub-Column Length - The length requirements of the stub-column test speci-
men, L, as shown in Figures 1 and 2, are that it be (1) sufficiently short to eliminate over-
all column buckling effects, and (2) sufficiently long to minimize the end effects during 
loading. which means that its center portion be representative of the repetitive hole pat-
tern in the full column. 
7.1.1 To eliminate overall column-buckling effects, the stub-column length shall 
not exceed twenty times the minimum radius of gyration, r, of the cross section, A, 
except where necessary to meet the requirements of Sections 7.1.2 through 7.1.5. 
7.1.2 For unperforated columns (Figure 1 a) the stub-column length shall not be 
less than three times the greatest overall width of the cross section, W. 
7.1.3 For perforated columns in which the pitch (gage length) of the perforation 
pattern, Lp, for a single hole or a group of holes, is smaller than, or equal to, the great-
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Figure 1 - Hypothetical Perforation Patterns and Suggested Stub Column Lengths 
NOTES: (1) Perforations shown are in a flat portion of a member with width W 
(2) L = Length of Stub Column 
(3) Lp = Pitch Length of Perforation Pattern 
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est overall width, W, of the cross section (Figures 1 band 1 g), or for a single hole pat-
tern with a gage length larger than the greatest overall width (Figure lc), the speci-
men length shall not be less than three times the greatest overall width of the cross 
section, W. For widely spaced hole patterns (Figure 1 c) the significant hole or hole 
pattern shall be located at or near the midlength of the stub column. 
7.1.4 For perforated columns in which the pitch of the perforation pattern, Lp, is 
greater than the widest side, W, of the cross section (Figures 1 d, 1 e, 1 f, and 1 h), the 
specimen length shall not be less than three times the pitch of the perforation pattern. 
7.1.5 For perforated sections in which the specimen end planes must pass through 
the normal perforation pattern (Figure 1 i), a special section (Figure Ij) may be fabri-
cated to obtain full cross-sectional surfaces at the specimen ends. 
7.2 Stub-Column End Surface Preparation - The end planes of the stub-column test 
specimens shall be carefully cut to a flatness tolerance of plus or minus 0.002 in. (0.0508 
mm). When the required flatness can be achieved, welding of the stub-column ends to 
the endplates is not required. However, when this flatness cannot be achieved, steel end-
plates shall be continuously welded to both ends of the specimen so that there shall be 
no gap between the ends of the stub column and the endplates. 
7.3 Stub-Column Specimen Source - Stub-column test specimens may be cut from 
the commercially fabricated column product. Alternatively, stub columns may be spe-
cially fabricated provided care is taken not to exceed the cold work of forming expected 
in the commercial product; however, subsequent proof tests using specimens from com-
mercially produced columns are recommended. 
7.4 Tensile Specimen Source - Longitudinal tensile specimens shall be cut from the 
center of the widest flat of a fonned section from which the stub-column specimens have 
been taken. If perforations are large and frequent in all flats of the formed section, the 
tensile specimens may be taken from the sheet or coil material used for the fabrication 
of the stub-column specimens. The tensile specimens shall not be taken from parts of 
a previously tested stub column. 
7.5 Endplate Requirements - Steel endplates shall be at least 0.5 in. (12.7 mm) thick 
and have a tlatness tolerance of plus or minus 0.0002 in. (0.00508 mm). 
8.0 Stub-Column Test Procedure 
8.1 Vertical alignment of the stub column is essential to ensure that the applied load 
is uniformly distributed over the specimen end surfaces. Care should also be taken to 
center the specimen on the axis of the test machine. 
8.1.1 Steel endplates shall be used to transfer the test loads uniformly into the stub 
columns (Figure 2). 
8.1.2 A 1/2 in. (12.7 mm) thick layer of grout, similar to gypsum-based concrete 
capping compound used for fast setting, shall be placed between the stub-column 
endplates and the machine heads to facilitate aligning the test specimen (Figure 2). 
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Figure 2 - Test Setup 
8.2 When an axial compression load is applied to the test specimen as a result of grout 
expansion during curing, or if a small preload is purposely applied to ensure proper con-
tact between the stub-column endplates and the machine heads, the load shall be treated 
as part of the applied test load. 
8.3 The load increments applied during the test shall not exceed 10 percent of the esti-
mated ultimate test load. 
8.4 The maximum loading rate between load increments shall not exceed a corre-
sponding applied stress rate of 3 ksi (21 MPa) of cross-sectional area per minute. 
8.5 When axial shortening values are recorded, the following procedures shall be re-
quired: 
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(1) The change in the vertical distance between the inside surfaces of the endplates (Fig-
ure 2) shall be measured to the nearest 0.0001 in. (0.00254 mm) at each load incre-
ment for each specimen. 
(2) The load increments applied during the test shall be the same for each specimen 
within a test unit, with a variation not to exceed one percent. 
9. Calculations 
9.1 For a given test unit, all individual ultimate loads, Pu, derived from the stub---{;ol-
umn tests shall be used to calculate the average ultimate load, Pua. Similarly, all individ-
ual yield strengths, Fyi, derived from the tensile tests of the same unit shall be used to 
calculate the average yield stress of the same test unit, Fya. 
9.2 The effective areas Aeua, Aeu, and Ae shall be calculated as specified in Sections 
9.3 through 9.6; however, the final value of these effective areas shall not exceed that 
of the minimum gross cross-sectional area, A. 
9.3 For tests in which the length of the stub column does not exceed twenty times the 
minimum radius of gyration of the cross section, r, the average effective area at the ulti-
mate load, Aeua, for a given test unit shall be calculated as 
9.4 For tests in which the length of the stub column exceeds twenty times the mini-
mum radius of gyration of the cross section, the average effective area at the ultimate 
load shall be determined by iteration of the following equations: 
where Aa is the average minimum gross area of the stub columns in the test unit, and Fn 
is the flexural or torsional-flexural buckling stress derived from Section C4 of the AISI 
Specification with K = 0.5 (using the average cross-sectional properties of the test unit). 
The exponent n is determined as follows: 
Assuming an initial value for n equal to less than 1.0, Aeua can be calculated from the 
first equation. Using this Aeua in the second equation will provide a new value for n. 
Repeating this process will lead to convergence of the above equations and an acceptable 
value of Aeau for one specific test unit. 
9.5 The value of Aeau for a specific test unit shall be adjusted to Aeu, which is the effec-
tive cross-sectional area of a column at ultimate load with a nominal cross section of 
A and a specified minimum yield strength of Fy. The adjustment shall be performed in 
one or two steps as follows. 
9.5.1 If the average area of the stub columns in the test unit, Aa, or the average base 
steel thickness, ta, are different from the nominal area or thickness, respectively, the 
effective cross-sectional area at ultimate load shall be calculated as follows: 
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or 
or 
9.5.2 If the average yield strength of all stub columns in a test unit, Fya, is different 
from the nominal yield strength, Fy, the effective cross-sectional area at ultimate load 
shall be the lower of the two values calculated as follows: 
9.5.3 If the average area and the minimum specified yield strength are different 
from the nominal values of a test unit, Aeu derived from the equation in Section 9.5.1 
shall be used as Aeua in the equations of Section 9.5.2, which will lead to an accept-
able value of Aeu. 
9.6 The effective area at any working stress level, Ae, may be determined by 
9.7 For a series of sections, such as in a parameter study during which only one param-
eter (thickness, depth, width, yield strength, etc.) is changed, interpolations between test 
units, or extrapolations beyond test units, shall be acceptable as described in Appendix 
B. 
9.8 Extrapolations beyond 20 percent of the extreme parameters tested shall not be 
permitted. 
10. Report 
10.1 Documentation - The report shall include a complete record of the sources and 
locations of all stub-column and tensile-test specimens and shall describe whether the 
specimens were taken from one or several columns, one or several production runs, coil 
stock, or other sources. 
10.2 The documentation shall include all measurements taken for each stub-column 
test specimen, including (1) cross-section dimensions, (2) uncoated sheet thickness, (3) 
longitudinal yield strength, (4) end preparation procedure, (5) applicable material speci-
fication, and (6) test and evaluation procedure used. 
10.3 The determination of the selected stub-column length shall be fully documented 
with appropriate calculations. 
10.4 A description of the test setup - including the endplates, the grout layer used for 
alignment, and the instrumentation used to measure lateral displacements and axial 
shortening - shall be included. 
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10.5 The report shall include the load increments, rate of loading, and intermediate and 
ultimate loads for each stub column tested. 
10.6 The report shall include complete calculations and results of the effective area, 
Aeu, for each test unit and calculations of Ae, if requested. 
11. Precision 
11.1 The following criteria shall be used to judge the acceptability of the test results. 
11.1.1 Repeatability - Individual stub-column test results shall be considered sus-
pect if they differ by more than 10 percent from the mean value for a test unit with 
at least three specimens. 
11.1.2 Reproducibility - The results of tests on stub-columns conducted at two or 
more laboratories should agree within ten (10) percent when adjusted for differences 
in cross sectional dimensions and yield strength. 
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APPENDIX A 
Use of Axial Shortening Measurements In Design 
A-1 Axial shortening measurements as part of thin-walled cold-formed steel stub-column 
tests may be used as an alternative method of determining the effective area of a column, Ae, 
at a certain design load or stress. This method provides a more accurate and less conservative 
alternative to design engineers to determine the effective area of a column section, Ae. 
A-2 The calculations by this method shall be made separately for each stub-column speci-
men within a test unit. This shall result in a total of j calculations as a result of a total of j 
load-displacement tests for each test unit. 
A-3 For a given specimen the effective area at ultimate load, Aeu, shall be calculated from 
Section 9.3 or 9.4 letting Aeua = Aeu, Aa = A, Fya = Fy, and Pua = Pu· 
A-3.1 Calculations at each load-displacement reading, i, shall be conducted according 
to the following procedure; however, at zero load, the effective area, Ae, shall be equal 
to the minimum gross cross-sectional area, A. This provides results for the effective area 
at each load point: 
(1) Starting with the lowest load-displacement reading, the effective area, Ai, and the 
assumed uniformly distributed stress fi, shall be calculated for each reading, i, from : 
and 
where Di and Du are the axial shortening at loads Pi and Pu, respectively. 
(2) If Aei calculated is greater than A, Aei shall be set equal to A. 
(3) If Aei calculated is less than A, Aei shall be as calculated, and fo, the stress above 
which the section is not fully effective, shall be set equal to fi-I, as calculated for 
the previous load-displacement reading. 
A.3.2 For specimens within a test unit, the lowest Aei values shall be used for further 
evaluations. 
A-4 For any load that causes a stress f higher than fo, an exponential equation may be devel-




Test Procedures for use with the 1996 AISI Cold-Formed Steel Specification 
x = In[ (fi-fo)/(Fy-fo)] 
Yi = In(I-A/e/A) 
a = In(1-Aeu/ A) 
and In designates the natural logarithm. 
A-5 If the effective areas for a section with specified dimensions and minimum yield 
strength are desired, which are different from the tested specimens, the Aeu and Aei values 
calculated under Section A-3 shall be nonnalized to the specified parameters according to 
Section 9.5 before the curve-fitting procedure of Section A-4 is employed. 
A-6 All calculations pertaining to this procedure shall be included in the report, as dis-
cussed in Section 10. 
APPENDIX B 
Parametric Studies 
8-1 For parametric studies intended to develop the effective area for a series of sections 
with the same basic cross section (either C, U, H, or any other shape) and the same hole pat-
tern, but with one or more changing parameters, the required number of test units may be 
less than the sum of all sections with different geometries and yield strengths. 
8-1.1 For a series of sections with three different values for one parameter only (dimen-
sion or nominal yield strength), at least two test units shall be chosen to include the mini-
mum and the maximum value of the changing parameter. For the third value, Aeu may 
be interpolated according to Section B-2. 
8-1.2 If more than three different values for one parameter are included in a series of 
sections, additional units with intennediate values shall be tested such that the ratio of 
the changing values in adjacent units is not greater than 1.5 or be less than 0.67. For inter-
mediate values of the changing parameter, Aeu may be interpolated according to Section 
B-2. 
8-1.3 For a series of sections with the same basic cross section that includes different 
values for several parameters (dimensions and/or yield strength), an appropriate factorial 
of test units shall be established by the responsible professional engineer in accordance 
with the guidelines for changes in an individual parameter, and in compliance with re-
sponsible code authorities. Interpolations and extrapolations may be made as mutually 
agreeable, following the general guidelines set forth in Section B-2 for changes of one 
parameter only. 
8-1.4 For a section that falls outside a series of tested members with the same basic 
cross section, Aeu may be extrapolated provided the changing parameter does not exceed 
a value of 20 percent below or above the respective minimum or maximum values tested 
in the series. 
8-2 Interpolations and extrapolations are allowed as part of a parametric study, and as de-
fined under B-1. 
8-2.1 For a section with a thickness different from the thicknesses tested, but with iden-
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tical overall nominal cross-sectional dimensions and minimum specified yield strength, 
Aeu for a thickness t and an area A may be calculated provided t does not exceed the limits 
described under Section B-l.2 and B-l.4. Under these conditions, Aeu may be deter-
mined by interpolation or extrapolation from the results of the nearest two test units with 
thicknesses t} and t2, respectively. 
where A} and A2 are the minimum gross cross-sectional areas, and Auel and Aeu2 are the 
nominal effective cross-sectional areas for Test Units 1 and 2, respectively. 
8-2.2 For a section with a yield strength different from the yield strengths tested, but 
with identical cross-sectional dimensions, Aeu for a yield strength Fy may be calculated 
provided Fy does not exceed the limits described under Section B-l.2 and B-l.4. Under 
these conditions, Aeu may be determined by interpolation or extrapolation from the re-
sults of the nearest two test units with yield strengths Fy 1 and Fy2, and with effective areas 
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STANDARD METHODS FOR 
DETERMINATION OF 
UNIFORM AND LOCAL DUCTILITY 
This method covers the determination of uniform and local ductility from a tension test. 
Its primary use is as an alternative method of determining if a steel has adequate ductility 
as defined in the AISI Specification. It is based on the method suggested by Dhalla and 
Winter. 
2. Referenced Documents 
ASTM Standard A370, "Standard Test Methods and Definitions for Mechanical Testing 
of Steel Products". 
AISI "Specification for the Design of Cold-Formed Steel Structural Members", 1996 
Edition. 
Dhalla, A. K. and Winter, G., "Steel Ductility Measurements," Journal of Structural Di-
vision, Proceedings ASCE, Vol. 100, No. ST2, February 1974. 
3. Symbols 
e3 = linear elongation, in., in 3-in. (76.2 mm) gage length 
e3e = linear elongation, in., in 2-in. (50.8 mm) gage length not containing I-in. 
(25.4 mm) length of fractured portion 
eu = linear elongation, in., at ultimate load in standard tension coupon test 
t3 = percent elongation in 3-in. (76.2 mm) gage length 
t3e = percent elongation in 2-in. (50.8 mm) gage length not containing I-in. (25.4 
mm) length of fractured portion 
tf = percent elongation at fracture in 2-in. (50.8 mm) gage length of standard ten-
sion coupon 
tu = percent elongation at ultimate load in standard tension coupon test 
tuniform = uniform percent elongation 
tJocal = local percent elongation in 1/2 in. (12.7 mm) gage length 
t\/2 = percent elongation in 112 in. (12.7 mm) gage length 
4. Test Procedure 
4.1 Prepare a tension coupon according to ASTM Standard A370 except that the cen-
trallength of 1/2 in. (12.7 mm) uniform width of the coupon should be at least 31/2 in. 
(88.9 mm) long. 
4.2 Scribe gage lines at 1I2-in. (12.7 mm) intervals along the entire length of the cou-
pon. 
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4.3 After completion of the coupon test, measure the following two permanent plastic 
defonnations: (a) the linear elongation in a 3-in. (76.2 mm) gage length, e3, such that 
the fractured portion is included (preferably near the middle third of this 3-in. (76.2 mm) 
gage length); and (b) the linear elongation in a I-in. (25.4 mm) gage length containing 
the fracture. 
4.4 Subtract the latter from the former. This difference gives the linear elongation, e3e, 
in a 2-in. (50.8 mm) gage length not containing the I-in. (25.4 mm) length of the frac-
tured portion. 
4.5 From the two preceding elongation measurements, e3 and e3e, calculate the per-
centage elongations E3 = (e3/3) x 100, and E3e = (e3e/2) x 100. From these percentage 
elongations, the uniform and local ductility parameters are obtained as follows. 
4.6 Since the fractured portion which includes local elongation is eliminated from E3e, 
it is a measure of the uniform ductility of the material. Thus 
Eunifonn = E3e (1) 
4.7 The local elongation is detennined over a small length which includes the frac-
tured portion. For simplicity, this length is here assumed to be 1/2 in. (12.7 mm) which 
is large enough to include the necked portion of most thicknesses and type of sheet steels 
used, and is small enough to give valid comparison for different types of steels. Thus 
(2) 
in which 6 = the multiplication factor which converts the local elongation (E3 - E3e) mea-
sured in 3 in. (76.2 mm) to local elongation in 112 in . (12.7 mm) gage length. 
5. Alternate Test Procedure 
5.1 Prepare a standard tension coupon according to ASTM A370 with a standard 2-in. 
(50.8 mm) gage length. 
5.2 The strain at the tensile strength, i.e., percentage strain Eu at the peak of the stress-
strain curve, is a measure of unifonn ductility, because up to this strain no necking or 
local elongation has taken place. Therefore, to obtain the uniform ductility the stress-
strain curve is plotted at least up to the maximum load or the linear elongation, eu, at 
maximum load is measured directly, so that Eu = (eul2) x 100. 
5.3 To obtain a measure of the local ductility it is necessary to measure the percentage 
strain at fracture Ef, also in a 2-in. (50.8 mm) gage length. However, the strain which 
occurs after the maximum load has been passed (descending branch) is the necking 
strain, and is localized at the eventual fracture zone, thus (Ef- Eu) is the local percentage 
elongation referred to in a 2-in. (50.4 mm) gage length. The following equation con-
verts this (Ef- Eu) into the percentage elongation in a 112 in. (12.7 mm) gage length: 
E}oca] = E1I2 = Eu + 4 (Ef- Eu) (3) 
in which 4 = the multiplication factor to convert a 2-in. (50.8 mm) gage length local 
elongation to a 112 in. (12.7 nun) gage length. 
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TEST METHODS FOR 
MECHANICALLY FASTENED COLD-FORMED 
STEEL CONNECTIONS 
1. Scope 
1.1 These performance test methods cover the determination of the strength and deforma-
tion of mechanically fastened connections for cold-formed steel building components, and 
are based extensively on test methods used successfully in the past (References 1-3). Con-
nections in which the fasteners are stressed in shear (loads applied perpendicular to the shank 
of the fastener) and those in which the fasteners are stressed in tension (loads applied parallel 
to the shank of the fastener) are included. The objective is to evaluate actual field connections 
using standard test specimens and fixtures. 
1.2 For circumstances in which geometric eccentricities exclude the standard tests, alter-
nate tests are permitted. Test procedures and data recording are generally not affected by the 
modified specimens and fixtures used for alternate tests. Connections of thin components 
(such as exterior building sheeting) to relatively thick components (such as structural frame 
supports) are considered as well as connections between thin components. 
1.3 The mechanical fasteners considered include rivets, screws, bolts, and driven fasten-
ers. Adhesively bonded connections and welded connections are excluded. 
1.4 The mode of failure incurred during a test is critical and must be reported. Certain fail-
ure modes may prohibit the use of a connection regardless of its strength. 
1.5 The subject test methods are concerned with the strength characteristics of connections 
in which the fasteners do not fail. It is intended that sufficient fastener strength will be pro-
vided to precipitate failure in the connected members. 
2. Applicable Documents 
2.1 ASTM Standards; 
A370- Tension Test Method for Steel Sheets, 
E4 - Verification of Testing Machines. 
2.2 AISI Specification for the Design of Cold-Formed Steel Structural Members, 1996 
Edition. 
2.3 ANSI B 18.6.4 - ASME Standard for Thread-Forming and Thread-Cutting Screws. 
3. Terminology 
3.1 ASTM Definitions Standards; 
E6 - Definitions of Terms Relating to Methods of Mechanical Testing. 
E380 - Standard for Metric Practice 
3.2 Description of terms specific to this standard: 
Maximum load per connection 
Maximum load per fastener 
Load-deforrnation curve per fastener 
= the maximum load recorded during a test. 
= the maximum connection load divided by 
the number of fasteners in the connection. 
= the load-deformation curve for the test 
connection with the load values divided 
by the number of fasteners. 
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Characteristic connection strength per 
fastener 
3.3 Symbols: 
A = elongation in a tension test 
= a statistically adjusted value for the mean 
maximum load per fastener measured for 
the test unit. 
a = the width of the end supports in the alternate tension tests 
as = shear deformation or slip 
at = deformation in a tension test 
b = the width of the troughs or flats in a profiledsheet 
c = a statistical coefficient 
Us = shear flexibility per fastener 
Ut = tensile (uplift) flexibility per fastener 
d = the nominal diameter of a fastener 
e 1 = the end distance of a fastener in a standard shear test specimen 
e2 = the fastener edge distance in an alternate shear test specimen 
h = the height of the stiffening ribs in a profiled sheet 
K = an empirically derived coefficient 
Ls = the free strap length in a standard shear test specimen 
La = the test span for an alternate tension test specimen 
19 = the extensometer gage length in a standard shear test 
Mu= the maximum bending moment per stiffening rib 
n = the number of valid tests in a test unit 
P = the estimated maximum connection load per fastener 
PK = the characteristic connection strength per fastener 
Pm = the mean connection strength per fastener 
Pu = the maximum connection strength per fastener 
Fy = the yield point 
Fu = the tensile strength 
s = standard deviation 
p = the fastener spacing or pitch 
= the base metal sheet thickness 
w = the width of the shear test specimen 
4. Significance 
4.1 These test methods provide the requirements for evaluating mechanically fastened 
connections for cold-formed steel members in buildings designed according to the AISI 
Specification and related building codes. The continued introduction of new and different 
mechanical fasteners increases the need for standardized tests for cold-formed steel connec-
tions. Standard test specimens, fixtures, and procedures facilitate the exchange of informa-
tion vital to understanding the behavior of a variety of fasteners with diverse properties by 
providing a basis for comparing strength and deformation measurements. 
4.2 The test methods are applicable to mechanical fasteners currently used by the industry. 
4.3 Throughout the test methods defined herein it is intended that the test specimens be 
fabricated as nearly as practicable to the actual generic field connection(s) or to a specific 
prototype with regards to material(s), assembly technique(s), and fastener installation(s). 
5. Apparatus 
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5.1 The test methods are generally suitable for hydraulic or screw operated testing ma-
chines. 
5.2 Any testing machine used shall comply with the requirements of ASTM E4, wherein 
the rate of loading can be controlled, constant loads maintained, and the applied load can be 
measured accurately to within ± 2 percent. 
5.3 The test specimen support fixtures and the testing machine grips shall have the capabil-
ity of maintaining a constant loading direction throughout the test. 
5.4 The devices used to measure deformation shall provide an accuracy of ± 0.00 1 in. (0.02 
mm) for shear tests and ± 0.002 in. (0.05 mm) for tension tests. 
5.5 The devices used to measure the dimensions of the test specimens shall be accurrate to 
within ± 0.0005 in. (0.01 mm) for sheet base metal thickness, ± 0.05 in. (1 mm) for sheet 
profile dimensions, and ± 0.005 in. (0.1 mm) for fastener dimensions. 
6. Test Unit 
6.1 For connections that include a single cross-section, a single nominal sheet thickness, 
and a single nominal tensile strength for the critical connection component a minimum of 
three (3) specimens shall be tested. Three (3) additional tests are required if any single test 
yields an maximum load that differs from the mean maximum load by more than 10 percent. 
6.2 For evaluations that include one connection cross-section with several nominal values 
for the thickness or tensile strength of the critical connection component, at least three (3) 
tests shall be required for each (thickness and/or strength) value. The differences necessary 
to define distinct nominal values for sheet thickness and tensile strength shall be at least 
0.005 in. (approximately 0.1 mm) and 20 ksi (approximately 30 N/mm2), respectively. 
6.3 Two sheet-type tension test coupons shall be tested for each thickness and strength of 
steel sheet used in the fabrication of the test specimens. The tension test coupon shall be taken 
from a flat undamaged area of the sheet component. When the sheet component is corrugated 
or profiled, the tension test coupon shall be oriented parallel to the corrugations or ribs. The 
sheet tension tests shall be conducted in accordance with ASTM A370 and the yield point, 
tensile strength, and percent elongation at fracture shall be measured. The average of the two 
respective test values shall be regarded as the yield point, tensile strength, and elongation. 
7. Test Speci mens and Fixtures 
7.1 General 
7.1.1 Standard shear and tension tests shall be used whenever possible. Alternate shear 
and tension tests shall only be used when the standard specimens are unsuitable for eva-
luating the connection properties under consideration. Standard or alternate test speci-
mens can also be used to conduct shear tests on specimens with a single fastener. When 
such tests are conducted to study the influence of end distance or edge distance, the di-
mensions given below may be changed as required. 
7.1.2 The dimensions of the test specimen components shall be measured to an accuracy 
of ± 0.0005 in. (0.01 mm) for sheet base metal thicknesses, ± 0.05 in. (1 mm) for sheet 
profile dimensions, and ± 0.005 in. (0.1 mm) for fastener dimensions. 
7.1.3 Fasteners shall be placed within ± 0.05 in. (1 mm) of their specified location and 
affixed according to the manufacturers recommendations or the actual site practice. Spe-
cial note shall be taken of the following, if applicable: (1) the diameter of predrilled holes, 
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(2) the torque and depth control for threaded fasteners, and (3) the installation tools and 
cartridge types used for fired pins or impact driven fasteners. 
7.2 Lap-Joint Shear Tests 
7.2.1 Shear test deformations shall be obtained from extensometer readings across the 
lap joint to an accuracy as specified in Section 5.4. 
7.2.2 The standard shear-test specimen (Figure 1) is a single-lap joint using two flat 
straps connected with 2 fasteners. Recommended geometrical proportions of the speci-
men shall be as given in Table 1. For tests investigating edge failure, or other special 
conditions, dimensions el, p, and W may be modified. 
7.2.2.1 The test fixture (Figure 1) for the standard shear test provides for central load-
ing across the lap joint. When the machine grips are adjustable or when the thickness 
of either strap is less than 1/16 in. (approximately 2 mm), packing shims are not re-
quired for central loading. 
~ Extensometer w/2 ± 1/32 
~ (w/2±O.8) 
~---.L--T-----'-""" 





16 t 1/2 
(400±10) 
I-----L--
Lower gripping device 
of testing machine / -.lll~. 
t1---f~ t2 
Figure 1 Standard Lap-Joint Shear Test 
7.2.2.2 
The extensometer gage length, 19 in Table 1, is sufficiently short to eliminate the influ-
ence of stretch in the specimen straps on the extensometer readings. 
7.2.3 The alternate-l shear-test specimen (Figure 2a) is a simulated diaphragm-action 
connection with central loading applied in the plane in which the overlapping elements 
are joined by the fasteners. This specimen shall be used to determine the strength and flex-
ibility of the diaphragm connection. The geometric proportions of the specimen are listed 
in Table 2, unless the actual proportions of a diaphragm are to be tested. 
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Fastener Diameter Specimen Dimensions, in, (mm) 
d, in. (mm) w Ls el P 19 
~ 1/4 2-3/8 10-114 1-3116 2-3/8 5-7/8 
(6.5) (60) (260) (30) (60) (l50) 
> 114 10d 8 + 10d 5d 10d 1-3116 + 20d 
(6.5) (lOd) (200 + 10d) (5d) (lOd) (30 + 20d) 
Tolerance ± ± ± ± ± 
1116 3/16 1/32 1132 3116 
(± 2) (± 5) (± 1) (± 1) (± 5) 
Table 1 Recommended Geometrical Proportions 
2 Test Fasteners Top Sheet 
Cross-Section --.. 
•• Q ::9.. ·:.9. -:J g 
Bottom Sheet 
Heavy Load-Application Bars 
With Bolts As Needed 
_.---, 
Figure 2a Alternate-1 Lap-Joint Shear Test 
7.2.4 The alternate-2 shear-test specimen (Figure 2b) is a simulated diaphragm-action 
connection with central loading applied in a plane different from that in which the over-
lapping elements are joined by the fasteners. This specimen shall be used to determine the 
strength and flexibility of the diaphragm connection, especially for crest-connected 
overlapping elements of diaphragms. The geometric proportions of the specimen are 
listed in Table 2, unless the actual proportions of a diaphragm are to be tested. Guides shall 
be machined and polished, then greased. 
7.2.4.1 The aLtemate-2 test fixture (Figure 2b) is designed such that the base plate is 
securely attached to a level foundation beam (or slab) and loaded in a horizontal plane 
using a hydraulic ram or an equivalent system. A generous amount of lubricating ma-
terial shall be used to reduce the friction between guide and grips. 
7.3 Tension Tests 
7.3.1 Loading that induces tension in the shanks of fasteners that connect relatively thin 
sheeting to structural support members can cause several modes of failure (also defined as 
Type Vas discussed in Section 8.2.3 and as shown in Figure tOe). If the sheeting is pulled 
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Figure 2b Alternate-2 Lap-Joint Shear Test 
Fastener Diameter Specimen Dimensions, in, (mm) 
d, in. (mm) w e2 P 
~ 114 3-5/8 3/8 2-3/8 
(6.5) (92.5) (10) (60) 
> 114 3-114 + e2 1.5d 10d 
(6.5) (82.5 + e2) ( 1.5d) (10d) 
Table 2 Recommended Geometrical Proportions 
over the fastener heads (i.e. the fastener heads are pulled through the sheeting) the failure 
mode is described as pull-over or puB-through. If the fasteners are pulled free from the 
structural support the failure mode is described as fastener pull-out. This failure mode 
typically occurs when several thicknesses of sheeting are attached to a support member 
by a common fastener. If the sheeting undergoes very large permanent defonnation prior 
to failure at the fasteners the failure mode is described as gross distortion. 
7.3.2 The standard tension-test specimen for pull-over strength (Figure 3a) or for pull-
out strength (Figure3b) is specially fonned from flat sheet stock used to produce the actu-
al sheeting product under consideration. The specimen geometry serves as a generic mod-
el for profiled sheeting. The connection support member for the pull-over test shall be 
sufficiently thick to resist fastener pull-out with a minimal amount of symmetrical de-
formation from the test loads. Table 3 lists suggested support members for standard pull-
over tests. For pull-out tests the actual total sheeting thickness connected to the support 
can be simulated by adding pieces of packing (Figure 3b). 
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Thickness of Support Material t ~ 114 t < 114 
in. (mm) (6.5) (6.5) 
Type of support to be used in All Types Hot-Rolled Sections Cold-Formed Sections, 
practice Hollow Sections, and 
Sheeting 
Standardized Support to Hot-Rolled Flat Steel: Hot-Rolled Angle: Cold-Formed Channel: 
be used in the tests 2-3/8 x t 1-5/8xt 2-3/4 x 1-3/16 x t 
(60 x t) (40 x t) (70 x 30 x t) 
Table 3 Recommended Support Members for Standard Pull-Over Tests 
support 
shape and dimensions 




Figure 3a Standard PUll-Over Test Specimen Figure 3a Standard Pull-Out Test Specimen 
7.3.2.1 The standard tension-test fixture (Figure 4) is designed for easy clamping of 
the test specimen and central loading along the axis of the fastener. 
7.3.2.2 The influence of asymmetrical deformation of the sheeting support members 
on pull-over strength can be tested with the generic standard test specimen by using 
the modified standard tension-test fixture (Figure 5). The dimensions of the asymmet-
rical support member shown will simulate most cold-formed C sections, Z sections, 
and angles. Where the supporting member rotates, such as a C- or Z-shaped purlins or 
girts between lateral supports in metal buildings, the prying tension shall be consid-
ered (Reference 4 and 9). 
7.3.3 A specific standard tension-test specimen for pull-over strength of a profiled 
sheet (Figure 6), with width and length dimensions of 8-in. by 8-in. (200 mm by 200 
mm), is cut from the sheeting under consideration and predrilled for four 1I2-in.-diame-
ter (12 mm) bolts located 6 in. (150 mm) apart with respect to the perimeter. The speci-
men is cut and drilled so that the location of the test fastener on the sheet profile corre-
sponds to the location adopted in practice and is also centrally located with respect to the 
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normal clamping 
device for support 
"~-- lower gripping 
device of 
testing machine 





3" • 1" ~ ____ ~Ll -~ 
special device for 
flexible support 
Figure 5 Modified Standard Tension-Test Fixture for 
Influence of Flexible Support Members 
four bolt holes. In cases where the prototype has flexural tensile stresses in the region of 
the fastener, this will augment the tensile stresses caused by the fastener pull-over test. 
This effect shall be included by using the alternate test method of Section 7.3.4. 
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7.3.3.1 The test fixture for a specific standard tension test (Figure 6) consists of a stiff 
base plate assembly with four tapped holes spaced 8 in. (200 mm) apart to match the 
holes in the test specimen. The test specimen is clamped to the base with four 1I2-in.-
diameter (12 mm) bolts with 1-1I8-in.-diameter (29 mm) by 3/32-in.-thick (2.5 mm) 
washers under the bolt heads. Central loading is provided by a loading arm that is pin 
connected to the symmetric loading channel to which the sheeting is fastened. The 
loading channel can be fabricated from the member used in the actual connection or 
specially fabricated according to the test objectives. 
7.3.3.2 A modification to the test fixture (Figure 6). is required to resist excessive de-
formation in thin flexible profiled sheeting with relatively wide flat-widths. Exces-
sive deformation is prevented by stiffening angles attached to the base plate asserrlbly 
(Figure 7). The angles are spaced a distance apart equal to the flat-width of test sheet-
mg 
7.3.4 The alternate tension-test specimen for sheeting with trapezoidal cross section 
(Figure 8a and 8b) may be utilized whenever detailed information about the sheet de-
formation is required, or where the prototype has flexural tension at the fastener. The 
specimen consists of a segment of the test sheeting with a centrally located test fastener 
that connects to a loading channel similar to that used for the standard tension test. The 
length of the specimen, L, shall be such that the flexural tension is at design value, and Lis 
at least 12 times the flat-width of the corrugations, b: 
L~ 12 b 
The width of the specimen shall be 2 corrugations for trough fastening and 3 corrugations 
for crest fastening. These specimen width values are the minimum widths necessary to 
obtain symmetrical deformations from a centrally located fastener. Transverse stiffening 
straps approximately 3/4-in. (20 mm) wide by 1I16-in. (2 mm) thick shall be fastened 
across the specimen width to insure that the sheet profile is maintained during loading. 
The straps shall be located approximately Lal4 from the midlength of the specimen. (The 
determination of La is dependent upon the bending strength of the sheeting and is dis-
cussed below.) 
7.3.4.1 The test fixture (Figure 8c) provides for simple end supports of the test speci-
men and for tensile loading of a single fastener at midspan using a loading channel. 
The test specimen and the test fixture shall provide the following proportions: 
I) a span La equal to or greater than 6b, and less than 3MulP, to prevent premature 
bending failure of the test sheet, 
2) a specimen width, a, less than Lal6, and 
3) transverse stiffening straps a distance Lal4 from the midspan. 
7.3.5 Where sheeting is fastened to the support by a clip (Figure 8d), or by a fastener near 
the edge of the underneath sheet so as to hide the fastener head (Figure 8e), the test speci-
men shall be such that the panel lap is at the center of the width. All other specimen di-
mensions shall meet the requirements of Section 7.3.4. The test fixture requirements at 
stiffeners and sheeting supports are the same as in Section 7.3.4.1. 
7.3.6 A large-scale tension test capable of full-scale prototype testing of sheeting con-
nections may also be conducted (Figure 9, schematic). The test panel shall contain two 
beams (purlins or girts, or similar). The test panel shall be uniformly loaded over its sur-
face by regulating the air pressure inside the chamber below the panel. Failure can occur 
in the panel connections to the beams. Only the nominal tension forces, which do not in-
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elude the prying forces caused by the rotations of the C- and Z-shaped purlins or girts, 
can be computed from the known value of the load acting on the panel surface at failure. A 
description of prying forces is gi ven in Reference 9. The beam span and the purlin spacing 
shall match those of the prototype in order within ± 20 percent to properly simulate the 
effects of prying action. (The arrangement illustrated in Figure 9 is fully described in Ref-
erences 2, 4, 5, and 6.) 
Upper gripping device 
of testing machine ---.J~V 
/ Base plate assembly 
1/2" 
~ Loading Channel 












~ Lower gripping device 
....M.-A\..~~~-- of testing machine 
Test·fastener centrally 
placed in test specimen 
Figure 6 Specific Standard Tension-Test 
Specimen and Fixture 
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8. Test Procedures 
8.1 General 
Bottom View 
Figure 7 Modified Specific Standard Tension-Test 
Specimen and Fixture With Location of 
Support Angles for Flexible Sheeting 
8.1.1 The speed of testing shall not be greater than that at which the relative displace-
ment readings can be accurately taken. End grips of the testing machine shall be in align-
ment with the axis of the specimen test fixtures during loading. 
8.1.2 Loading shall be applied in load increments of approximately one fifth of the esti-
mated maximum load. When the maximum load is approached, smaller increments shall 
be used. Each load increment shall be maintained for at least one minute (or until it has 
stabilized) before proceeding with the next increment. Loading shall continue until the 
load can not be maintained, or until one or more fasteners have failed. 
8.2 Shear Tests 
. 8.2.1 The speed of testing as determined by the rate of separation of the testing-machine 
heads shall be limited to the greater of 0.05 in. (approximately 1 mm) per minute, or the 
rate caused by a loading rate of 500 pounds (2 kN) per minute. 
8.2.2 Deformation or slip measurements shall be recorded at each loading increment and 
at the maximum load. 
8.2.3 The failure mode(s) shall be identified and recorded according to the following 
classifications: 
Loading clamps 
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At Stiffeners 
>- 9116" 
... (10) , 
, 
b ::&II;;; sheeting support 
J I 77 ;;~;;777 
At Support 
Figure 8a Cross Section (Trough Fastening) 
screw b "9116"-"~ ~ 
T JL~;',J" 
At Stiffeners At Support 









LaJ4 loading channel 
Figure 8c Test Fixture (Elevation) 
J) 
Figure 8e Hidden Fastener 
Figure 8 Alternate Tension-Test Specimen and Fixture 
Type I - End failure, or longitudinal shearing of the sheet along two approximately 
parallel lines (Figure lOa). 
Type II - Bearing, tearing, or piling up of the thinner, or of both (equal thickness), 
sheet material in front of the fastener (Figure lOb). 
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" 
Manometer Line 
Figure 9 Large Scale Tension Test 
Type III-Tension failure of one sheet in the net section (Figure I Oc) 
Type IV - Shearing of the fastener (Figure IOd) 
Braced Timber Frame 
Polyethylene Film 
Type V - Tilting and pull-out of fastene including sheet pull-over (Figure IOe). 
Figure 10 shows only 1 fastener but it is also applicable for 2 or more fasteners. 
8.3 Tension Tests 
8.3.1 The speed of testing as determined by the rate of separation of the testing machine 
heads shall be limited to the greater of 0.1 in. (2.5 mm) per minute or the rate caused by a 
loading rate of 500 pounds (approximately 2 kN) per minute. 
8.3.2 When deformation measurements are necessary they shall be recorded at each 
loading increment and at the maximum load. If permanent-set measurements are neces-
sary a small preload (approximately 10 percent of the anticipated maximum load) can be 
used. After each loading increment, the load is reduced to the preload and the permanent 
set is recorded. 
9. Calculations 
Calculations to evaluate the test results and to determine the characteristic connection 
strength sha11 be made in accordance with the procedures described elsewhere (References 7 
and/or 8). 
10. Report 
10.1 The objecti ves and purposes of the test series shall be stated at the outset of the report so 
that the necessary test results such as the maximum load per fastener, the flexibility of the 
connection, and the mode of failure are identified. 
10.2 The type of tests, the testing organization, and the dates on which the tests were con-
ducted shall be included in the documentation. 
10.3 The test unit shall be fully documented, including: 
I) the measured dimensions of each specimen, 
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2) identification data for the fasteners and accessories such as washers, * 
Figure 10a Type I Failure 
(End Shearing Failure) 
Figure 10b Type II Failure 
(Bearing, Tearing, Piling Up) 
; f I 
Figure 10c Type III Failure 
(Tension Failure in Net Section) 
Figure 10d TrPe IV Failure (Shearing 0 Fastener) 
Figure 10e Type V Failure 
(Tilting, Pull-Over, and Pull-Out of Fastener) 
Figure 10 Lap-Joint Shear Test Failure Modes 
* Fastener data shall include the name of the manufacturer, designation or type, dimensions, number of 
threads, including unthreaded length or imperfect threads below head, and the major and minor diameters 
in the threaded region. 
VIII-43 
V 111-44 Test Procedures for use with the 1996 AISI Cold-Fonned Steel Specification 
3) the details of fastener application including predrilling, tightening torque, and any 
unique tools used in the operation, and 
4) the results of the sheet-type tension tests including yield point, tensile strength, and 
elongation to failure. The location and orientation of the sheet-tension coupons shall 
also be given. 
For pull-out tests additional data shall indicate the drill-point diameter and length of flutes if 
self -drilling screws are used. Otherwise, the diameter of the pilot drill used shall be stated. 
Only new and sharp drill bits shall be used because of the tendency of resharpened, chipped 
and dull drill bits to make oversize holes. Washers or washer-head data shall include diame-
ter, thickness, material, and if present the sealant data. 
10.4 The test set-up shall be fully described including the testing machine, the specimen end 
grips or supports and the devices used to measure deformation. 
10.5 The test procedure shall be fully documented including the rate of loading and the load 
increments. 
10.6 In accordance with the test objectives stated by the responsible engineer, the report 
shall include a complete documentation of all applicable test results for each specimen such 
as the load-deformation curve, the maximum load, and the mode of failure. The report shall 
also include the necessary calculations for the characteristic connection strength per fastener 
and the connection flexibility for the test unit. Calculations for reduction of the test strength 
(corresponding to the specified minimum yield point of the sheeting product) shall also be 
included when applicable. 
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CANTILEVER TEST METHOD FOR 
COLD-FORMED STEEL DIAPHRAGMS 
1.0. Tests of Framed Diaphragm Construction 
Where framed wall, roof, or floor diaphragm construction is to be used for in-plane bracing, 
the nominal diaphragm shear strength, Sn, and the shear stiffness, G', shall be established. 
These values depend on the component panel geometry, the panel width w, support spacing 
Lv, and the methods of attachment both between the panel components and on the framing 
members. The quality of shear transfer through the field of a diaphragm can be established 
by testing the assembly on a cantilever frame (see Figure 1 ). 
2.0 Test Frames 
The test frame dimensions a x b shall represent an approximately square zone with the frame 
comprised of perimeter members and interior support members similar to those intended for 
the construction being investigated. 
Perimeter member ends shall be interconnected using angles or other devices sufficient to 
transfer developed axial forces into the frame supports. Interior members or purlins shall be 
fabricated with bolted clip angles or such other means as to minimize bending moment trans-
fer at member ends. The test frame assemblies shall be attached to supporting devices by 
means appropriate for reactions and supported on rollers and other devices such that the 
frame possesses negligible stiffness for deflections L\ up to al200. If the frame stiffness is 
greater than 2 percent of that for the tested assembly, the test results shall be adjusted to com-
pensate for the frame stiffness. 
3.0 Test Assemblies 
The test assembly can be arranged to model a complete diaphragm, including conditions both 
on the perimeter members and over the diaphragm interior, or arranged to study selected pa-
rameters within the system. 
For a complete diaphragm, the plan dimensions of the selected test frame shall be such that 
fi ve or more panel elements, of width w, are required to cover the test area a x b with neither of 
the frame dimensions being less than eight feet (2.4 meters). The test diaphragm shall be 
assembled using the panels, connections, connector layouts, and spans intended for a speci-
fied construction. Where edge transfer angles or profiled end closure elements are used for 
shear transfer, they shall be included in the test assembly. If panel splices are used in the field 
assembly, at least one splice on each panel shall be provided in the test assembly. 
For specific parametric studies within a system the panel edges over the test frame perimeter 
members may have connections spaced to prohibit failure at such locations. 
For diaphragm systems where the longitudinal perimeter connections are spaced to match 
the interior side laps, four panel elements of width w may be used to cover the a x b area, 
provided that it is demonstrated that failure occurs at the longitudinal perimeter connections 
and not at the interior side laps. 
The test assembly shall be instrumented to detennine movements in the plane of attachment 
between the diaphragm and the test frame (see Figure 1 ). Measured deflections shall be cor-
rected for support movements to detennine the net shear deflection ~. 
4.0 Testing 
Prior to testing, the bare frame stiffness shall be detennined by applying a force to produce a 
frame deflection of al200. 
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The diaphragm assembly shall be loaded for a least one sequence between zero and 20 per-
cent of the expected maximum load and unloaded for verifying the reference points on all 
instrumentation. The final loading sequence to P n shall provide at least ten evenly spaced 
sets of deflection readings within the load range and the rate of loading shall be such that the 
anticipated strength is achieved in not less than 10 minutes. 
The maximum diaphragm shear strength Sn shall be the average shear per unit length across 
the system at ultimate load, Sn = P nib. 
The deflection data shall be combined to remove the effects of test frame support move-
ments. 
where the L\ i values are measured movements at the gage locations (see Figure 1 ). The ap-
plied loads shall be plotted against L\ (see Figure 2) and a line fitted through zero and a point 
on the plot at P = 0.4 Pn. The resulting shear stiffness G' is the ratio of shear per foot to the 
deflection per unit width at a load of P = OA Pn: 
G' P/b P a 
= ~/a = ~b 
If the measured frame stiffness exceeds 2 percent of the assembly stiffness, the bare frame 
resistance Pf shall be established at a deflection corresponding to OAP n and the P value shall 
be reduced by Pf for determining G'. 
5.0 Minimum Number of Tests 
To confirm analytical methods (1) for predicting diaphragm strength and stiffness as func-
tions of the panel geometry, fastener arrangement, fastener types, and diaphragm details, no 
fewer than three confirmation tests shall be made. Tests shall be diverse in arrangement in-
volving differing panel thicknesses, differing span lengths, and differing fastener placements 
within the common limits of construction. If the average ratios of the measured strength to 
theoretical strengths,Sn/Sb do not agree to within 10 percent, a fourth assembly shall be 
tested. The theoretical strength formulas shall be modified by a scalar factor to agree with the 
average values from three lowest tests. 
The stiffness formula likewise shall be modified to reflect the average measured stiffness. 
Where a specific diaphragm construction is to be evaluated and the results limited only to that 
assembly, no fewer than two identical diaphragms shall be tested. If the strength of the two 
agree to within 10 percent, the average values of Sn and G' shall be established from the two 
tests. If the strength results are outside the 100/0 limit, a third test shall be made with the aver-
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COMMENTARY ON THE TEST CANTILEVER METHOD FOR 
COLD-FORMED STEEL DIAPHRAGMS 
1.0 Tests of Framed Diaphragm Construction 
Shear diaphragms perform essentially the same functions of maintaining the shape in a build-
ing roof or wall zone as do plate girder webs in maintaining shape between their stiffeners. 
However, the diaphragm stiffness G' usually is an order of magnitude lower than that for 
thin-web girders. 
The response of a diaphragm assembled from typical wall roof or floor deck panels is very 
dependent on the panel type, panel spans, and especially on the quality of connections used. 
The diaphragm involves a "web" or panels, "stiffeners" or open web joists, purlins, girts and 
"flanges" or perimeter members. While its response may be thought of in terms of a short and 
deep beam, its behavior is much more related to that of truss panels having flexible diagonals. 
2.0 Test Frames 
Test frames may have perimeter members formed using various shapes including wide 
flange beams, C-sections, or Z-sections. The shape used must be sufficient to develop the 
required axial test forces and to permit proper perimeter connections to be made. Connec-
tions at the ends of perimeter members must be adequate to resist the developed axial forces 
and to transfer them to the support devices. Typical interior members or purlins develop only 
small axial forces and their end connections may be made using common clip angles. Where 
open-web joists are to be used, it may be necessary to attach an angle over the joist ends or to 
install intermediate supports to permit proper connections at the diaphragm edge. 
The study of connections on the longitudinal edges of the diaphragm usually is not part of a 
test program. When the individual strength of these connections is known, they may be 
installed in sufficient numbers that they do not limit the diaphragm strength. 
3.0 Test Assemblies 
Tests are conducted to provide information on the behavior of a complete diaphragm assem-
bly or to provide information on a specific parameter in a given system. For studies on a 
complete diaphragm assembly, a minimum of five panels should be used to allow reasonable 
force distribution across the sidelaps of the inner panels. Diaphragm tests using four panels, 
where the longitudinal edges are connected at the same spacing as the sidelaps, generally 
yield conservative measures of strength and stiffness. However, tests conducted with only 
four panels and having longitudinal edge connections spaced more closely than those on inte-
rior sidelaps, often yield artificially high strengths and stiffnesses. 
The test assembly may represent a part of a larger diaphragm zone in a building. The assem-
bly must be bounded by structural members for force transfer. The frame has a cross reaction 
equal to P(aIb) and the cross shear then is P(aIb)/a = PIb; this is equal to the shear parallel to 
the acting load P. 
The test assembly should model typical constructions including perimeter transfer elements. 
In certain assemblies involving open-web joists, the lower surfaces of the diaphragm may be 
above the perimeter member joist supports thus limiting perimeter attachment for the dia-
phragm. An edge support angle can be welded to the joist end to accept frequent edge con-
nections. Such angles must be attached to the joist ends and the joists then secured to the 
frame to penn it proper shear transfer on the perimeter. Other block-like devices may be at-
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tached to the frame, between joists, to receive edge connections directly. 
The ability to transfer forces across the longitudinal edges of a diaphragm may be assessed 
directly through evaluation of individual connections used. With such connectors as shear 
studs in concrete filled diaphragms, stud shear strengths are known and studs may be placed 
sufficiently close that perimeter shear failures are virtually eliminated. 
4.0 Testing 
The test sequence must be long enough to allow adequate data collection but not so short as to 
eliminate certain time-dependent relaxations in the system. A ten minute minimum test time 
has been set but the required time usually will be longer. The measured movements of the test 
frame support system will not be present in a field construction and are removed by the for-
mulas indicated. In evaluation, it is of note that the diaphragm as a "beam" is in the "short-
deep beam" category and that the "plane section" assumptions for longer beams do not apply. 
Further, the typical G' values are an order of magnitude lower than the equi valent number for 
thin-web girders. The beam bending correction is accounted for when the dial gages are 
positioned as shown in Figure 1. 
The measured stiffness, G', reflects the performance of the diaphragm field as it resists shear 
forces. The frame itself usually has little resistance to movement prior to attaching the dia-
phragm. However, it is required that the bare frame be loaded with Po to produce a deflection 
of al200 where a is the width of the diaphragm. The al200 value usually will be about one 
inch (25.4 mm). If the bare frame stiffness exceeds 2 percent of that for the assembly, the 
value for P in the stiffness equation must be reduced by Pf where Pf may be taken as 200(P 0 
t:Ja). The value f:Ja is the unitless ratio of the corrected deflection at 0.4 Pu to the indicated 
frame dimension. 
The shear strength and stiffness values for diaphragms may vary in a nonlinear manner with 
panel length L. However, reasonably conservative intermediate design values may be found 
by interpolation of results from similar systems of differing lengths. Extrapolation of data 
may lead to erroneous results. 
5.0 Minimum Number of Tests 
The test program is intended to address two cases with one being to verify a theoretical model 
applicable to a range of diaphragm types and the other simply to evaluate a very specific sys-
tem. For example, test programs may be needed where a new connector type is evaluated for 
its own shear strength over a range of material properties with comparisons made to some 
other connection type. Theoretical methods exist (1, 2) for finding the effects of parameter 
changes on the diaphragm performance and for predicting both the nominal shear strength 
and stiffness. In such cases, the diaphragm tests themselves are considered in the mode of 
verifying the established model. Should the test results suggest lower values, this section 
permits downward adjustments to the values from those of the parametric model. 
Other specific arrangements of panels, end closure devices, overlayments, and specific con-
nection methods may be outside the ability of existing models for predicting response. For 
such cases with a very specific construction application, a minimum of two tests is required 
to establish shear strength and stiffness. 
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1. Scope 




STANDING SEAM ROOF SYSTEM 
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1.1 The purpose of this test is to obtain the reduction factor to be used in determining the nomi-
nal flexural strength of a purl in supporting a standing seam roof system. The reduction factor 
reflects the ability of a particular standing seam roof system to provide lateral and rotational sup-
port to the purlins to which it is attached. This applies to discrete lateral and torsional bracing 
when the sheeted flange of the purlin is the compression flange, as in gravity loading cases. 
1.2 This test method applies to an assembly consisting of the standing seam panel, purlin, and 
attachment devices used in the system being tested. The test specimen boundary conditions de-
scribed in Section 6.6 apply only to standing seam roof systems for which the roof deck is posi-
tively anchored to the supporting structural system at one or more pUrlin or eave member lines. 
1.3 Due to the many different types and construction of standing seam roof systems and their 
attachments, it is not practical to develop a generic method to predict the interaction of a particu-
lar standing seam roof system and supporting structure. Therefore, the amount of resisting mo-
ment which the supporting purlins can achieve can"vary from the fully braced condition to the 
unbraced condition for a given system. 
1.4 This test method provides the designer with a means of establishing a nominal flexural 
strength reduction factor for purlins in a simple span or continuous span, multiple purlin line, 
supporting a standing seam roof system, from the results of tests on a single-span, two-purlin 
line, sample of the system. Test procedures are given for gravity loads only. The validity of this 
test method has been established by a research program at Virginia Polytechnic Institute and State 
University and documented in References 1 through 3. 
2. Applicable Documents 
2.1 ASTM Standards: 
A370 - Standard Test Methods and Definitions for Mechanical Testing of Steel Products 
2.2 AfSf Specification for the Design of Cold-Formed Steel Structural Members, 
1996 Edition. 
3. Terminology 
3.1 ASTM Definition Standards: 
E6 - Definitions of Terms Relating to Methods of Mechanical Testing. 
E380 - Practice for Use of the International System of Units (SI). 
3.2 Description of terms specific to this standard: 
fixed clip - a hold down clip which does not allow the roof panel to move independently 
of the roof substructure 
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3.3 
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insulation - glass fiber blanket or rigid board 
lateral- a direction nonnal to the span of the purlins in the plane of the roof sheets 
thermal block - strips of rigid insulation located directly over the purlin between clips 
pan type standing seam roof - a "U" shaped panel which has vertical side 
positive moment - a moment which causes compression in the purlin flange attached to 
the clips and standing seam panels 
rib type standing seam roof - a panel which has ribs with sloping sides and forms a 
trapezoidal shaped void at the side lap 
sliding clip - a hold down clip which allows the roof panel to move independently of the 
roof substructure 
standing seam roof system - a roof system in which the side laps between the roof panels 
are arranged in a vertical position above the roof line. The roof panel system is 
secured to the purlins by means of concealed hold down clips that are attached to the 

















































flange width of the purlin 
depth of the purlin 
purlin spacing 
design yield strength 
measured yield strength of tested purlin 
span of the purlins tested, center to center of the supports 
nominal flexural strength of a fully constrained beam, SeFy 
average flexural strength of the thinnest sections tested 
average flexural strength of the thickest sections tested 
flexural strength of a tested purlin, SetFyt 
failure moment for the single span purlins tested, wtsL2/8 
weight of the specimen (force/area) 
failure load (force/area) of the single span system tested 
lateral anchorage force in accordance with Section D3.2.1 of the 
AISI Specification 
modification factor from test, Mts /Mnt 
reduction factor computed for nominal purlin properties 
mean minus one standard deviation of the modification factors of the 
three thinnest purlins tested 
mean minus one standard deviation of the modification factors of the 
three thickest purlins tested 
tributary width of the purl ins tested 
section modulus of the effective section 
section modulus of the effective section of the tested member using 
actual dimensions 
purlin thickness 
failure load (force/length) of the single span purlins tested 
4. Significance 
4.1 This test method provides the requirements for evaluating the resisting moment under grav-
ity loads for cold-formed C- and Z-sections used with standing seam roof systems. This proce-
dure is referred to as the "Base Test Method". The method is the result of extensive testing of 
various combinations of purlins, standing seam panels, and fastening devices. The tests were 
conducted over several years, benefiting from the experience provided by technical and industry 
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experts. This procedure utilizes the results obtained from single span tests to predict the strength 
of mUlti-span conditions. 
4.2 The Base Test Method shall be permitted to be used to evaluate the gravity loading nominal 
flexural strength of C and Z-sections of multi-span, multiple purlin line, standing seam systems, 
with or without discrete intermediate braces. 
4.3 The Base Test Method is applicable to both "rib" or "pan" type standing seam roof panels 
with "sliding" or "fixed" type clips. 
4.4 The Base Test Method shall be conducted using standing seam roof panels, clips, fasteners, 
insulation, thermal blocks, discrete braces, and purlins as used in the actual standing seam roof 
system except as noted in Section 4 .5. 
4.5 Tests conducted with insulation are applicable to identical systems with thinner or no insula-
tion. 
5. Apparatus 
5.1 A test chamber capable of supporting a positive or negative internal pressure differential is 
necessary. A rectangular frame shall be constructed of any material with sufficient strength and 
rigidity to provide the desired pressure differential without collapse. A typical test chamber is 





Figure 1- Test Chamber 
5.2 The length of the chamber shall be determined by the maximum length of t.he secondary . 
members as required by Section 7.2. The width of the chamber shall be detenruned by the maxl-
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mum panel length as required by Section 6.9. Allowance shall be made in the intelior chamber 
dimensions to accommodate structural supports for the secondary members and sufficient clear-
ance on all sides to prevent interference of the chamber wall with the test specimen as it deflects. 
5.3 The height of the chamber shall be sufficient to permit assembly of the specimen and to in-
sure adequate clearance at the maximum deflection of the specimen. 
5.4 The chamber shall be sealed in a manner to prevent air leakage. All load carrying elements 
of the specimen or its supports shall transfer the load to the frame support; the specimen, includ-
ing intermediate brace, shall not be attached to the chamber in any manner that would impede the 
deflection of the specimen. 
5.5 The test chamber shall be sealed against air leakage by applying 6 mil (0.15 mm) maximum 
thickness polyethylene sheets, large enough to accommodate the system configuration and deflec-
tions. The polyethylene shall be located on the high pressure side of the panel with sufficient 
folds so as not to inhibit the spread of panel ribs under load. Edges of the polyethylene sheets 
shall be sealed against air leakage with tape or other suitable methods. Polyethylene sheets 
around the perimeter of the specimen shall be draped so as not to impede deflection or deforma-
tion of the specimen. 
5.6 When a specimen smaller than the test chamber is tested, other panels and structure shall be 
installed to complete the coverage of the chamber opening. No attachment shall be made be-
tween the test specimen and this supplemental coverage. 
5.7 An air pump is necessary to create the pressure differential in the chamber. The pump shall 
be of sufficient capacity to reach the expected test values required by the applicable specifica-
tions. 
5.8 The type of air pump being used will determine the method of control. This control shall be 
able to regulate the pressure differential in the chamber to ± 1 psf (0.05 kPa). This can be accom-
plished by (a) a variable speed motor on the pump, (b) valving on the pump, or (c) variable size 
orifices on the chamber. It shall be permitted to use multiple pumps where very large chambers 
are being used. One pump connection to the chamber is satisfactory. 
5.9 A minimum of two pressure differential measuring devices shall be monitored throughout 
the duration of the test. These devices shall be capable of measuring the pressure differential to ± 
1 psf (0.05 kPa). 
6. Test Specimens 
6.1 Test purlins shall be supported at each end by a steel beam. The beams shall be simply sup-
ported and one of the frame end beams shall be sufficiently free to translate laterally to relieve 
any longitudinal catenary forces in the specimen. Purlins shall be connected to the supporting 
beams as recommended in the field erection drawings. Figure 1 shows the directional axes that 
are referred to in this test procedure. 
6.2 Panel supporting clips, fasteners, and panels shall be installed as recommended in the field 
erection drawings. 
6.3 Means of providing restraint of purlins at the support shall be as required for use in actual 
field application, and shall be installed as recommended on the field erection drawings. 
6.4 The purlins shall be arranged either with their flanges facing in the same direction or with 
their flanges opposed. If the test is performed with the purlins opposed, and they are field 
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installed with their flanges facing in the same direction, a diaphragm test must be conducted in 
accordance with Section 8.7. 
6.5 For tests including intermediate discrete point braces, the braces used in the test shall be 
installed in such a manner so as not to impede the vertical deflection of the specimen. 
6.6 A 1 in. x 1 in. (25 mm x 25 mm) continuous angle with a maximum thickness of 1/8 in. (3 
mm) or a member of compatible stiffness shall be attached to the underside at each end of the 
panels to prevent separation of the panels at the ends of the seam. Fasteners shall be placed on 
both sides of each major rib. If the specimen is arranged with the purlin flanges facing in the 
same direction, a 3 in. x 3 in. (76 mm x 76 mm) continuous angle with a maximum thickness of 
114 in. (6 mm) or a member of compatible stiffness shall be permitted to be substituted for the 1 
in. x 1 in. (25 mm x 25 mm) angle at the end of the panel, corresponding to the eave of the build-
ing using the standard panel to eave fastening system (See Figure 1). 
6.7 All transverse panel ends shall be left free to displace vertically under load. When the 3 in. x 
3 in. (76 mm x 76 mm) eave angle is used when the purlin flanges face in the same direction, it 
shall be permitted to be restrained against horizontal deflection at its ends as shown in Figure 1, 
providing the vertical deflection is left unrestrained. 
6.8 Panel joints shall not be taped and no tape shall be used to restrict panel movement. 
6.9 Panel length to be used in the test shall be, as a minimum, that length which provides full 
engagement of the panel to purlin clip and attachment of the 1 in. x 1 in . (25 mm x 25 mm) angle 
at the panel ends; but a length not greater than that required to achieve zero slope of the panel at 
the purlin support. 
6.10 The spacing of purlins being tested shall not exceed the spacing typically used with the roof 
system. Results from this test shall be permitted to be used in designing purlins of the same pro-
file that are spaced closer together than the spacing used in the tests. 
7. Test Procedure 
7.1 A test series shall be conducted for each purlin profile, specified steel grade, and each panel 
system. Any variation in the characteristics or dimensions of panel or clip constitute a change in 
panel system. The thickness of insulation used in the test is discussed in Section 4.5. Any 
change in purlin shape or dimension other than thickness constitutes a change in profile. Howev-
er, the lip dimension shall be permitted to vary with section thickness consistent with the member 
design and not constitute a change in profile. 
7.2 No fewer than six tests shall be run for each combination of purlin profile and panel system. 
Three tests shall be conducted with the thinnest purlin of the profile and three tests shall be con-
ducted with the thickest purlin of the profile. All tests shall be conducted using the same purlin 
span which shall be the same or greater than the span used in actual field conditions. 
7.3 The physical and material properties shall be determined in accordance with ASTM A370 
using coupons taken from the web area of the failed purlin. Coupons shall not be taken from 
areas where cold-working stresses could affect the results. 
7.4 A pressure differential load shall be applied to the system to produce a positive moment in 
the system. A positive moment is defined as one which causes compression in the purlin flange 
attached to the clips and standing seam panels. 
7.5 An initial load equal to 5 psf (0.25 kPa) differential pressure in the direction of the test load 
shall be applied and removed to set the zero readings before actual system loading begins. 
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7.6 The system shall be loaded to failure and the mode of failure noted. Failure is the point at 
which the specimen will accept no further loading. The pressure differential at which the system 
fails shall be recorded as the failure load of the specimen. When the test must be stopped due to a 
flexural failure of the panel or web crippling of the purlin, it shall be permitted to exclude the test 
from the test program. 
7.7 Vertical deflection measurements shall be taken at the mid-span of both purlins. The deck 
deflection in the horizontal direction shall be measured at the seam joint nearest the center of the 
test specimen. 
7.8 Deflections and pressures shall be recorded at pressure intervals equal to a maximum of 20 
percent of the anticipated failure load. 
8. Test Evaluation 
8.1 The single span failure load is obtained from the Base Test where a uniform load is applied 
until failure occurs. 
For Z-purlins tested with flanges facing the same direction and with the top flanges of the purlins 
not restrained by anchorage to a point external to the panel /purlin system: 
where, 
For Z-purlins tested with flanges opposed and for C-sections: 
The expression 2PL(dlB) takes into account the effect of the overturning moment on the system 
due to the anchorage forces, as defined in Section D3.2.1 of the AISI Specification, applied at the 
top flange of the purlin by the panel and resisted at the bottom flange of the purlin at the support. 
The expression 2PL(dlB) is to be applied only to Z-sections when the purlin flanges are facing in 
the same direction, but shall not be included in those systems where discrete point braces are used 
when the braces are restrained from lateral movement. 
8.2 From the single span failure load, Wts, the maximum single span failure moment Mts is cal-
culated as: 
8.3 The single span base test moment is the maximum positive moment the system can resist 
with the purlin size used in the test. The maximum allowable positive moment in the mid-span 
region of a roof system purlin, simple span or continuous, is limited by the results of this test. 
8.4 Using Section C3.1.I(a) of the AISI Specification, the flexural strength of each tested purlin, 
Mnh of a fully constrained beam is calculated as: 
Mnt = Set X Fyt 
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where Set is the section modulus of the effective section calculated using the measured cross-sec-
tional dimensions and Fyt is the measured yield strength obtained in accordance with Section 7.3. 
8.5 The modification factor, R(, is calculated for each purlin tested as: 
8.6 For purlins of the same profile, specified steel grade and panel system as tested, the reduc-
tion factor shall be determined from the following equation: 
where, 
( 
R - R ) R = (max tmin (M n - M ) + R :5 1.0 
M - M ntmin tmin 
ntmax nt min 
R = mean minus one standard deviation of the modification factors of the three 
tmin 
thinnest purlins tested, calculated in accordance with Section 8.5. This value 
may be greater than 1.0. 
Rt
max 
= mean minus one standard deviation of the modification factors of the three 
thickest purlins tested, calculated in accordance with Section 8.5. This value 
may be greater than 1.0. 
Mn = nominal flexural strength of section for which R is being evaluated (SeFy). 
M
ntmin = average flexural strength of the thinnest section tested, calculated in accor-
dance with Section 8.4. 
Mnt
max 
= average flexural strength of the thickest section tested, calculated in accor-
dance with Section 8.4. 
8.7 If the test is performed with the purlins opposed or with an eave member at one or more 
edges, the diaphragm strength and stiffness of the panel system must be tested unless the pUrlins 
are also opposed in actual field usage. The anchorage forces for the system braced in the manner 
tested shall be calculated in accordance with Section D3.2.1 of the AISI Specification. The dia-
phragm strength of the panel system must be equal to or greater than the calculated brace force at 
the failure load of the purlin. The stiffness of the diaphragm must be such that the deflection of 
the diaphragm is equal to or less than the purlin span divided by 360 when subjected to the calcu-
lated brace force at the failure load of the purl in. 
9. Test Report 
9.1 Documentation - The report shall include who performed the test and a brief description of 
the system being tested. 
9.2 The documentation shall include test details with a drawing showing the test fixture and indi-
cating the components and their locations. A written description of the test setup detailing the 
basic concept, loadings, measurements, and assembly shall be included. 
9.3 The report shall include a drawing showing the actual geometry of all specimens including 
material specifications and test results defining the actual material properties - material thickness, 
yield strength, tensile strength, and percent elongation. 
9.4 The report shall include the test designation, loading increments, displacements, mode of 
failure, failure load, and specimen included for each test. 
9.5 The report shall include a description summarizing the test program results to include speci-
men type, span, failure moments for the test series, and the supporting calculations. 
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SECTION 2 - BIBLIOGRAPHY OF TEST PROCEDURES PERTINENT TO 
COLD-FORMED STEEL 
The following list of U.S. and Canadian publications on testing is provided for the con-
venience of the Manual user. No representation of correctness or completeness is implied. 
ASTM Publications: 
SHEET STEEL, MECHANICAL TESTING GENERAL 
ASTM A370 Standard Methods and Definitions for Mechanical Testing of Steel Products 
ASTME6 Definitions of Terms Related to Methods of Mechanical Testing 
SHEET STEEL, MECHANICAL TESTING, CALIBRATION AND VERIFICATION 
ASTM E4 Practices for Load Verification of Testing Machines 
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ASTM E74 Calibration of Force-Measuring Instruments for Verifying the Load Indication of 
Testing Machines 
ASTM E83 Verification of Load Extensometers 
SHEET STEEL, MECHANICAL TESTING, TENSION 
ASTM E8 Tension Testing of Metallic Materials 
ASTM E2t Recommended Practice for Elevated Temperature Tension Tests of Metallic Mate-
rials 
SHEET STEEL, MECHANICAL TESTING, COMPRESSION 
ASTM E9 Compression Testing of Metallic Materials at Room Temperature 
SHEET STEEL, CHEMISTRY 
ASTM E30 Chemical Analysis of Steel, Cast Iron, Open-Hearth Iron, and Wrought Iron 
ASTM· E350 Chemical Analysis of Carbon Steel, Low-Alloy Steel, Silicon Electrical Steel, In-
got Iron, and Wrought Iron 
SHEET STEEL, COATING TESTS 
ASTM E376 Recommended Practice for Measuring Coating Thickness by Magnetic-Field or 
Eddy-Current (Electromagnetic) Test Methods 
ASTM E797 Practice for Measuring Thickness by Manual Ultrasonic Pulse-Echo Contact 
Method 
SHEET STEEL, FORMING PARAMETERS 
ASTM E5t7 Test for Plastic Strain Ratio r for Sheet Metal 
STRUCTURAL TESTING OF SHEET STEEL ASSEMBLIES 
ASTM C645 Standard Specification for Non-Load (Axial) Bearing Steel Studs, Runners 
(Tracks), and Rigid Furring Channels for Screw Application of Gypsum Board 
ASTM C754 Standard Specification for Installation of Steel Framing Members to Receive 
Screw-Attached Gypsum Wallboard, Backing Board, or Water Resistant Backing 
Board 
ASTM E72 Methods of Conducting Strength Tests of Panels for Building Construction 
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ASTM E73 Methods of Testing Truss Assemblies 
ASTM E330 Test for Structural Performance of Exterior Windows, Curtain Walls, and Doors by 
Uniform Static Air Pressure Difference 
ASTM E455 Static Load Testing of Framed Floor or Roof Diaphragm Constructions for Build-
ings 
ASTM E564 Methods of Static Load Test for Shear Resistance of Framed Walls for Buildings 
ASTM E575 Practice for Reporting Data From Structural Tests of Building Constructions, Ele-
ments, Connections, and Assemblies 
ASTM E695 Method for Measuring Relative Resistance of Wall, Floor, and Roof Constructions 
to Impact Loading 
ACOUSTICAL TESTING OF SHEET STEEL ASSEMBLIES 
ASTM E90 Laboratory Measurement of Airborne-Sound Transmission Loss of Building 
Partitions 
ASTM E336 Test for Measurement of Airborne Sound Insulation in Buildings 
ASTM E413 Classification for Determination of Sound Transmission Class 
ASTM E492 Measurement of Impact Sound Transmission Through Floor-Ceiling Assemblies 
U sing the Tapping Machine 
ASTM E597 Practice for Determining Single-Number Rating of Airborne Sound Isolation for 
Use in Multi-Unit Building Specifications 
MOISTURE TESTING OF SHEET STEEL ASSEMBLIES 
ASTM E96 Tests for Water Vapor Transmission of Materials 
ASTM E331 Test for Water Penetration of Windows, Curtain Walls, and Doors by Uniform Stat-
ic Air Pressure Difference 
ASTM E547 Test for Water Penetration of Exterior Windows, Curtain Walls, and Doors by Cy-
clic Static Air Pressure Difference 
FIRE TESTING OF SHEET STEEL ASSEMBLIES 
ASTM E 119 Standard Fire Tests of Building Construction and Materials 
WELDING TEST PROCEDURES 
ASTM E390 Reference Radiographs for Steel Fusion Welds 
FATIGUE TEST PROCEDURES 
ASTM E466 Recommended Practice for Constant Amplitude Axial Fatigue Tests of Metallic 
Materials 
ASTM E467 Recommended Practice for Verification of Constant Amplitude Dynamic Loads in 
an Axial Load Fatigue Testing Machine 
ASTM E468 Recommended Practice for Presentation of Constant Amplitude Fatigue Test Re-
sults for Metallic Materials 
ASTM E739 Practice for Statistical Analysis of Linear or Linearized Stress-Life (S-N) and 
Strain-Life (e-N) Fatigue Data 
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JOINING AND FASTENING TEST PROCEDURES 
ASTM E488 Test for Strength of Anchors in Concrete and Masonry Elements 
ASTM E489 Test for Tensile Strength Properties of Steel Truss Plates 
ASTM E767 Test for Shear Resistance of Steel Truss Plates 
GENERAL REFERENCES 
ASTM E631 Terminology Used In Building Construction 
Other Publications: 
Test Procedure for Shear Resistance of Small-Scale Framed Wall Specimens, in "Dia-
phragm Braced Members and Design of Wall Studs," Journal of the Structural Divi-
sion, ASCE, January 1976. 
Canadian Sheet Steel Building Institute, "Criteria for the Testing of Composite 
Slabs," CSSBI S2-85, November 1985, revised November 1988. 
Canadian Sheet Steel Building Institute, "Criteria for Conducting and Recording 
Small-Scale Tests of Steel Stud Wall Panels," CSSBI S7-90, December 1990. 
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SECTION 3 - EXAMPLE PROBLEMS 
EXAMPLE VIII-1: COMPUTING q, AND n FACTORS FROM TEST DATA 
Given: 
1. An unusual weld configuration made up of a group of arc seam welds is tested giving the 
following test strengths. 





The failure mode is plate tearing for all tests. 
Required: 
1. Detennine the resistance factor, q" for this assembly. 
2. Detennine the factor of safety, Q, for this assembly. 
Solution: 
1. Calculate the mean test value, 
Rn = (5.6 + 6.0 + 5.8 + 5.9)/4 = 5.83 
2. Check maximum deviation 
Test 1 controls by inspection. 
(5.83-5.60)/5.83 = 0.040 < 0.15 OK 
3. Compute the correction factor, Cp: 
Cp = (1 + 1In)m/(m-2) 
where 
n = number of tests = 4 
m = n-l = 3 
Cp = (1+114)3/(3-2) = 3.75 
4. Compute the standard deviation of the test results 
n 2 
.l: (Xi - x) 
1=1 




(5.6 - 5.83)2 + (6.0 - 5.83)2 + (5.8 - 5.83)2 + (5.9 - 5.83)2 
4 - 1 
= 0.17 
5. Compute the coefficient of variation of the test results, V p: 
Vp= slRn 
Test Procedures for use with the 1996 AISI Cold-Formed Steel Specification 
= 0.17/5.83 
= 0.029 < 0.065 :. use 0.065 
6. Obtain Mm, Fm, VM and VF from Table F1 of the Specification 





7. Determine Pm, ~o and V Q 
Pm = 1.0 (always) 
~o = 3.5 for connections 
V Q= 0.21 (always) 
8. Compute <t> 
<t> = 1.5(MmFmPm)e - ~ojv~+ V~+CpV~+ V~ 
= 1.5[(1.1 0)(1.0)(1.0)]e-3.5)0.102 + 0.102 + (3.75)0.065 2 + 0.212 
= 0.61 
9. Compute Q 
Q = 1& 
<t> 
-li 
- 0.61 
= 2.6 
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(Eq. F1.1-2) 
(Eq. Fl.2-2) 

Notes 
Notes 




